ECONOMIC GEOLOGY 


WITH WHICH IS INCORPORATED 


THE AMERICAN GEOLOGIST 


VoL. XIV DECEMBER, ig19 No. 8 


PRIMARY (HYPOGENE) SULPHATE MINERALS IN 
ORE DEPOSITS.? 


B. S. Butter. 


CONTENTS. 


Introduction 

Sulphate Minerals 

Character of Ore Solutions as Indicated by Volcanic Emanations 
Conditions of Formation of Sulphur Trioxide 

Formation of Sulphuric Acid in Nature 

Formation of Primary Sulphate Minerals 

Summary 

Acknowledgment 


INTRODUCTION. 


In studying ore deposits the writer has several times been con- 
fronted with the problem of accounting for the formation of 
sulphate minerals that are apparently primary. These minerals 
occur at places where no evidence can be found of their forma- 
tion by surface oxidation. Either they were formed directly by 
igneous emanations or, if they were formed by surface agencies, 
those agencies must have effected the deposition of other asso- 
ciated minerals that would ordinarily be regarded as of hypogene 
origin. An attempt will be made to analyze this problem by start- 
ing with the belief, based on deductions from field observations, 
that the sulphates in certain deposits have been formed directly by 

1 Published by permission of the Director, United State Geological Survey. 
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igneous emanations. Toavoid complications the occurrence of the 
minerals in deposits that are not generally regarded as associated 
with igneous rock is discussed only incidentally. It is recognized 
that nearly all the sulphates that occur as apparently primary 
minerals in ore deposits associated with igneous rock have also 
been formed where they are not associated with igneous rocks. 
It is likewise recognized that in the formations of at least some 
of the primary sulphates in ore deposits that are associated with 
igneous rocks surface agencies may have played a part. The 
general conclusion reached is that some of the metals which at 
high temperature are combined with oxygen, as the temperature 
is reduced, give up oxygen, and both the metals and the oxygen 
combine with sulphur, producing sulphides of the metals and 
oxides of sulphur. At suitable temperatures the sulphites and 
sulphates are doubtless formed and the less soluble sulphates are 
deposited. Moreover, it is believed that certain conditions lead 
to the formation of free sulphuric acid which, on reaction with 
potassium-aluminum rocks, forms alunite. 


SULPHATE MINERALS. 


Brief summaries of the occurrence of the principal primary 
sulphate minerals in igneous rocks or of the sulphate minerals 
that are apparently primary in veins which are believed to be 
associated with igneous rocks are given below. No attempt is 
made to include in this summary occurrence of these minerals in 
other relations, or to give a complete list of localities. 

Hauynite and Noselite—Hauynite, Na,Ca(NaSO,:Al) Al,Si,- 
O,. and noselite, Na,(NaSO,-Al)A1,Si,0,. are primary min- 
erals in certain rather uncommon types of eruptive rocks such 
as those of the Cripple Creek volcano. It is noteworthy that these 
minerals are characteristic components of volcanic rocks, whereas 
the closely related chloride minerals are components of plutonic 
or deep-seated rocks. 

Barite.—Barite, BaSQ,, is perhaps the most common primary 
sulphate vein mineral. It occurs usually if not invariably in 
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deposits formed at moderate and low temperature? or among the 
later minerals of deposits that contain minerals deposited at high 
temperature. Barite also occurs where it is not known to be 
related to igneous rocks. 

It is difficult to determine even approximately the temperature 
at which any mineral deposit was formed, but Lindgren* has 
grouped the minerals in such deposits in three classes—those 
formed at low temperature (200° C. or less, perhaps much less), 
at moderate temperatures (175° to 300°C.), and at high tem- 
peratures (300° to 575° C.). Contact deposits may have been 
formed at much higher temperatures near that of magmas, which 
range from 800° to 1400° C. 

Anhydrite—Anhydrite, CaSO,, has only recently been recog- 
nized as a primary vein mineral and its associations indicate depo- 
sition at moderate temperature. Anhydrite has the unusual 
property of decreasing in solubility with increase of temperature, 
being but slightly soluble at 200° C.* 

It might be supposed that anhydrite would form most abund- 
antly in deposits that replaced limestone, but the recorded occur- 
rences do not justify this supposition. Probably the abundant 
carbon dioxide that must necessarily be present in solutions that 
are replacing limestone inhibits the precipitation of calcium 
sulphate. 

Lindgren® first observed anhydrite as a vein-forming mineral 
in the Cactus mine, Utah, where it occurs in a vein in monzonite 
associated with tourmaline, hematite, pyrite, chalcopyrite, barite 
and siderite. Anhydrite, barite and siderite were among the 
latest minerals to form. Lindgren gave the following suggestion 
as to the origin of anhydrite: 

.2Emmons, W. H., “A Genetic Classification of Minerals,” Econ. GEot., 
Vol. 3, p. 618, 1908. 

3 Lindgren, Waldemar, “ Mineral Deposits,’ McGraw Hill Publishing Co., 
New York, 1913. 

4 Melcher, A. C., Am. Chem. Soc. Jour., Vol. 32, pp. 50-66, 1910. 


5 Lindgren, Waldemar, “ New Occurrence of Willemite and Anhydrite,” 
Science, new ser., Vol. 28, p. 933, 1908. 
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It is suggested as a possibility that during the later part of mineraliza- 
tion the anhydrite was precipitated by a reaction between ascending 
solutions of sodium sulphate and descending solutions containing calcium 
carbonate. 

The writer® accepted this interpretation, but with reservations 
and doubts that are among the motives which led to the prepara- 
tion of this paper. 

Anhydrite occurs in the Bully Hill district, Calif., in lodes in 
alaskite porphyry and is associated with pyrite, chalcopyrite, 
sphalerite and barite. Graton‘ apparently regards it as having 
been deposited directly from ascending solutions. 

Boyle® also regards the gypsum and anhydrite of the Bully Hill 
district as of deep-seated origin, supposing that the calcium was 
derived from the limestone through which the solutions passed. 

Anhydrite is reported from the Cobre district, Santiago, Cuba. 
The deposits are in andesite tuff cut by dikes of andesite. The 
associated minerals are pyrite, chalcopyrite and quartz.® 

Geijer’® describes anhydrite in deposits in Sweden associated 
with tremolite, galena, chalcopyrite and pyrite. 

Hewett,’? and Miller and Singewald’* have described the re- 
markable deposits of the Minasragra vanadium mine of Peru. 
Hewett is quoted by Miller and Singewald as stating that the 
Veta Madre, which is a mixture of earthy material, disseminated 
sulphide of vanadium, and anhydrite, the last largely altered to 
gypsum for 120 feet below the surface, represents shale that has 

6 Butler, B. S., “ Geology and Ore Deposits of the San Francisco and Adja- 
cent Districts, Utah,” U. S. Geol. Survey Prof. Paper 80, p. 124, 1913. 

7Graton, L. C., “The Occurrence of Copper in Shasta County, Calif.,” 
U. S. Geol. Survey Bull. 430, p. 100, 1910. 

8 Boyle, A. C., Jr., “Geology and Ore Deposits of the Bully Hill Mining 
District, Calif.” Am. Inst. Min. Eng. Trans., Vol. 48, p. 111, 1915. 

® Emerson, E. H., “ Geologia de las minas,” Bol. de Minas, Cuba, No. 4, pp. 
47-52, 1918. 

10 Geyer, Per, Falutraktens berggrund ack malmfyndigheter, Geol. Survey 
of Sweden. Aorsbok, 1916, p. 156. 

11 Am. Inst. Min. Eng. Trans., Vol. 40, pp. 274-299, 1909. 


12 Miller, B. L., and Singewald, J. T., “The Mineral Deposits of South 
America,” pp. 487-491, McGraw-Hill Book Co., Inc., New York, 19109. 
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been more or less saturated by sulphide of vanadium and replaced 
by anhydrite. 

Bastin'® has described primary anhydrite and gypsum in the 
Braden copper deposits of Chile. The rocks and ores of the dis- 
trict record a complicated series of igneous events, including ex- 
trusions, intrusions and three distinct periods of mineralization. 
The first mineralization produced extensive tourmalinization 
with the deposition of relatively small amounts of pyrite and 
chalcopyrite. The minerals of the second period were mainly 
quartz, pyrite and chalcopyrite with small amounts of black 
tourmaline and a little biotite. 

The metallic minerals of the third period include pyrite, chal- 
copyrite, bornite, galena, sphalerite, molybdenite, tennantite, 
enargite and hibnerite, and the gangue minerals siderite, rhodo- 
chrosite, calcite, anhydrite, gypsum and barite. The mineraliza- 
tion of the third period is thought by Bastin to have taken place 
at lower temperature than the earlier periods and was character- 
ized by solution of tourmaline as contrasted with deposition of 
that mineral in the first two periods. 

_Anhydrite is also present in the copper deposits of Cuka- 
Dulkan at Bor, Serbia.1* It is regarded by Lazarevic, however, 
as secondary. 

Anhydrite occurs most abundantly where it is not associated 
with either igneous rocks or veins. 

Gypsum.—Gypsum is a common mineral in ore deposits but has 
doubtless usually been formed by the alteration of anhydrite or 
by reaction between solutions of sulphuric acid (produced by the 
oxidation of sulphides) and calcium-bearing minerals. As already 
noted, Bastin considers gypsum in the Braden mine as primary. 

Adolph Knopf has kindly furnished the following note on the 
occurrence of gypsum at the Utica mine, Calif. 

The ore on the 2,100-foot level of the Utica mine, on the Mother 
Lode at Angels, Calif..—a low-grade ore averaging $2 in gold—consists 


13 Bastin, E. S., private report based on detailed study. 
14 Lazarevic, M., “ Die enargit-covellin-lagerstatten von Cuka-Dulkan bei 
Bor in Ost-Serbien,” Zeitschr. prakt. Geologie, Vol. 20, p. 337, 1912. 
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of quartz and subordinate dolomite, gypsum, and, as shown under the 
microscope, albite. The only sulphide present is some extremely fine- 
grained galena disseminated in small patches. The vein, which is ver- 
tical, is inclosed in amphibolite schist, and the vein and country rock are 
so impervious and dry that the mine workings are dusty, although the 
mine above the goo-foot level makes large quantities of water. The 
gypsum is intimately intergrown with the quartz, and this fact together 
with its occurrence so far below the zone of oxidation and the obvious 
imperviousness of the vein to descending waters, suggest that the gyp- 
sum is a primary (hypogene) constituent of the ore. Under the micro- 
scope the gypsum is seen to be intergrown with quartz in patterns some- 
what like micrographic intergrowths, and this feature possibly corrob- 
orates the evidence of its primary origin. 


Celestite—Celestite, like barite and anhydrite, occurs in de- 
posits formed at intermediate to low temperature and also at 
many places where it is not associated with igneous rocks. 

Alunite—Alunite has the chemical formula K,0-3A1,0;:4SO, 
‘6H,O in which Na may replace K in varying proportions. 
Alunite is perhaps the most abundant and widely distributed sul- 
phate mineral that is associated with altered volcanic rocks. It 
occurs also as a secondary (supergene) mineral in the oxidized 
zone of ore deposits. Its genesis has been variously interpreted by 
different geologists, doubtless because it has been formed in vari- 
ous ways. The occurrences of the mineral have been summarized 
by Ransome” and later by Butler and Gale.7® 

Perhaps the best known deposit worked for alunite is that at 
Tolfa, Italy, where the alunite occurs in trachyte and is said to 
give place in depth to pyritic trachyte. Concerning the formation 
of the alunite De Launay says :'* 





Alunite is, in my opinion, a product of the decomposition of feldspar 
similar to kaolin, which is worked in the same region, and often from 
the same veins, and, like this kaolin, is bound to disappear in depth. The 


15 Ransome, F. L., “The Geology and Ore Deposits of Goldfield, Nev.,” 
U S. Geol. Survey Prof. Paper 66, pp. 189-195, 1909. 

16 Butler, B. S., and Gale, H. S., “ Alunite, a Newly Discovered Deposit 
near Marysvale, Utah,” U. S. Geol. Survey Bull. 511, 1912. 

17 Translation by Butler, B. S., and Gale, H. S., op. cit., p. 52, from De 
Launay, L., “La metallogenie de I’Italie,” Compt. Rend. Tenth Internat. Geol. 
Cong., Mexico, pt. 1, 1907. 
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theory which was formerly held is somewhat different. It was thought 
that the sulphur vapors of solfataric kinds circulated in the fissures of 
trachyte and attacked directly in depth the feldspars of the latter, and a 
relation was supposed to exist between these different phenomena and 
the trachyte itself. I believe, on the contrary, that there are two entirely 
distinct phases in the phenomenon—first, a vein deposit clearly delimited, 
of pyritic trachyte corresponding, perhaps, to the veins of a trachyte 
particularly feldspathic and at the same time pyritic like the granulites 
of Berzowsk (Oural); second, penetration by superficial waters of 
the feldspathic rocks, producing, where pyrite fails, the ordinary forms 
of altered feldspars—that is to say, kaolinx—but where, on the other 
hand, pyrite furnished sulphuric acid, crystalline alunite. 


Lindgren’® and others have described the occurrence of alunite 
formed by the action of solutions that contained sulphuric acid, 
which were derived from oxidizing sulphides on potassium 
aluminum silicates. 

In the United States there are numerous deposits of alunite 
which are believed to have been formed and others that are per- 
haps now forming by the action of hot sulphurous waters on 
potassium-alumnium rocks. Large bodies of volcanic rocks so 
altered are composed chiefly of quartz, alunite and pyrite. The 
calcium, magnesium, and sodium were largely removed from the 
original rock, but iron appears to have been converted to pyrite 
at the same time that alunite was formed. In discussing the 
origin of the gold deposits at Goldfield, Nev., Ransome’® 
postulates : 
that the ore constituents were brought up in hot solutions charged with 
hydrogen sulphide, a little carbon dioxide, and probably also with some 
alkali sulphides; that the hydrogen sulphide was oxidized at and near 
the surface to sulphuric acid, which percolated down through the warm 
rocks to mingle with the uprising currents carrying sulphydric acid. 

For the deposits near Marysvale, Utah, which occur as veins 
in effusive rocks and have been developed for the alunite, Butler 
and Gale say :*° 

18 Lindgren, Waldemar, “ The Copper Deposits of the Clifton-Morenci Dis- 
trict, Ariz.,” U. S. Geol. Survey Prof. Paper 43, pp. 119, 120, 1905. 


19 Ransome, F. L., of. cit., p. 193. 
20 Butler, B. S., and Gale, H. S., op. cit., p. 36. 
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The evidence in the Marysvale district, however, indicates that the 
materials constituting the veins were deposited by ascending solutions 
and that these solutions brought in the constituents of the alunite. At 
just what stage the sulphuric acid may have been formed can not now 
be positively stated, but it seems most natural to suppose that it was a 
part of the original solutions and that the potassium and aluminum were 
in part original in the solution and in part dissolved from the walls of 
the fissure at greater depth. 


The veins in this district are nearly pure alunite but the altered 
wall rock is mainly alunite quartz and pyrite. Concerning alunit- 
ized rocks at Rico Mountains, Colo., Cross writes :?? 


The alteration of the porphyry of Calico Peak into a rock consisting 
largely of alunite, a hydrous sulphate of alumina and the alkalies, ... 
can be explained only as the result of the attack of sulphurous agents, 
and from the circumstances of occurrence there can be no doubt that 
the action is to be attributed to solfataric emanations of the Rico erup- 
tive center in the period of waning igneous activity. 


Larsen has described several areas of alunitized rock in Colo- 
rado.2*. The altered rocks consist essentially of quartz, alunite 
and pyrite, one analysis giving: quartz, 69 per cent.; alunite, 2 
per cent., and pyrite, 2 per cent. Concerning the genesis of these 
deposits Larsen writes :*8 


The evidence suggests hot ascending solutions as the cause of the 
alunitization. The field relations point strongly to deep-seated hot sul- 
phuric acid solutions without the aid of the surface agents. However, 
in view of the fact that geologists do not generally admit the presence 
of such solutions, the evidence in the present case is not sufficient to 
justify the assumption of such a course for the alunitization in the San 
Cristobal quadrangle. The alternative source is the mingling of hot 
ascending solutions or gases carrying H,S and of surface oxidizing 
waters. 


Clapp** regards the deposit of Kynquot Sound, British Colum- 


21 Cross, Whitman, and Spencer, A. C., “ Geology of the Rico Mountains, 
Colo.,” U. S. Geol. Survey Twenty-first Ann. Rept., pt. 2, pp. 92-94, 1900. 

22 Larsen, S., “ Alunite in the San Cristobal Quadrangle, Colo.,” U. S. Geol. 
Survey Bull. 530, pp. 179-183. 

23 Larsen, E. S., op. cit., p. 183. 

24 Clapp, C. H., “ Alunite and Pyrophyllite in Triassic and Jurassic Vol- 
canics at Kynquot Sound, British Columbia,” Econ. Grox., Vol. 10, pp. 70-88, 
IQI5. 
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bia, as formed by “ hot ascending solutions of volcanic origin and 
that at least these solutions causing alunitization carried free 
sulphuric acid.” 

A. L. Day and E. T. Allen have studied the hot springs of 
Mount Lassen, Calif., where alunite and pyrite are being de- 
posited in the acid waters of the springs.” 

Descriptions of occurrences of alunite could be multiplied, but 
the above seem sufficient to give the general modes of occurrence. 

Hinsdalite—Hinsdalite, 2PbO-3A1,0,-2SO;-P,0,;-6H,.O, has 
been described by Larsen*® and by Irving and Bancroft?‘ from the 
Golden Fleece mine near Lake City, Colo. It is a primary mineral 
in a vein in volcanic rocks associated with pyrite, tetrahedrite, 
galena, pyrargyrite, quartz, rhodochrosite and barite. Barite is 
abundant also in neighboring deposits. The deposits are regarded 
by Irving and Bancroft as having been formed at shallow to mod- 
erate depth. 

Creedite.—Larsen*® describes creedite, CaSO,-2CaF,.-2Al 
(F,OH),-2H,O, as occurring with barite and fluorite in a vein 
in Tertiary lavas near Wagon Wheel Gap, Colo. Larsen does 
not state whether he regards it as a primary or secondary mineral 
in the vein. 

Thaumasite—The unusual mineral thaumasite, 3CaO-SiO,- 
SO,:CO,.-15 H,O, occurs in veins which cut contact altered lime- 
stone in the Old Hickory mine, Beaver County, Utah. It is re- 
garded by Butler®® as forming under conditions similar to those 
favorable to the formation of zeolites. The best known localities 
of this mineral in the United States are at West Paterson and 

25 Allen, E. T., personal communication. 

26 Larsen, E. S., and Schaller, W. T., “ Hinsdalite, a New Mineral,” Am. 
Jour. Sci., 4th ser., Vol. 32, pp. 251-255, 1911. 

_ 27Irving, J. D., and Bancroft, Howland, “ Geology and Ore Deposits near 
Lake City, Colo.,” U. S. Geol. Survey Bull. 478, pp. 54-55, 1911. 

28 Larsen, E. S., and Wells, R. C., “ Some Minerals from the Fluorite-barite 
Vein near Wagon Wheel Gap, Colo.,” Proc. Nat. Acad. Sci., Vol. 2, pp. 362- 
364, 1916. 


29 Butler, B. S., “ Geology and Ore Deposits of the San Francisco and Adja- 
cent Districts, Utah,” U. S. Geol. Survey Prof. Paper 80, p. 104, 1913. 
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other localities in New Jersey, where it occurs in trap associated 
with zeolites. 

Wilkeite—Wilkeite,®° 3Ca,(P.2O,4) -3Ca.SiO,-3CaSO,-CaCO, 
-CaO, occurs in contact altered limestone associated with wollas- 
tonite and garnet near Riverside, Calif. 

Scapolite-—Scapolites occur as products of contact metamor- 
phism and as alteration products of igneous rocks. Some of the 
scapolites contain the sulphate radicle.* 

Svonbergite—Svonbergite is apparently a rather rare primary 
mineral in ore deposits.** 


CHARACTER OF ORE SOLUTIONS AS INDICATED BY VOLCANIC 
EMANATIONS. 


The data concerning the composition of volcanic emanations 
have been summarized by many writers. A rather complete out- 
line and bibliography has been prepared by Clarke,** who briefly 
summarized the results as follows: 


That the volcanic gases appear in a certain regular order has been 
shown by the various researches upon their composition, and especially 
by the labors of Deville and Leblanc. What, now, in the light of all 
the evidence, is that order, and what do the chemical changes mean? 

First. The gases issue from an active crater at so high a temperature 
that they are practically dry. They contain superheated steam, hydro- 
gen, carbon monoxide, methane, the vapor of metallic chlorides, and 
other substances of minor importance. Oxygen may be present in them, 
with some nitrogen, argon, sulphur vapor, and gaseous compounds of 
fluorine. 


30 Eakle, A. S., and Rogers, A. F., “ Wilkeite, a New Mineral of the Apatite 
Group, and Okenite, its Alteration Product from Southern California,” Am. 
Jour. Sci., 4th ser., Vol. 37, p. 262, 1914. 

31 Borgstrém, L. H., “ Die skapolithlagerstatte von Laurinkari,” Com. géol. 
Finland, Bull. 41, p. 23, 1913. 

Brauns, R., “ Skapolithfiihrende Auswiirflinge aus dem Laacher Seigebiet,” 
Neuss Jahrb., Beilage Band 39, p. 119, 1914. 

32 Lacroix, A., “ Pyritiferous Deposits at the Contact of Granite at Chezeuil, 
Saone-et-Loire and its Metamorphic Rocks,” Bull. Soc. Franc. Min., 41, 14-21, 
1918. 

33 Clarke, F. W., “ The Data of Geochemistry,” U. S. Geol. Survey Bull. 
616, pp. 260-290, 1916. 
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Second. The hydrogen burns to form more water vapor, and the car- 
bon gases oxidize to carbon dioxide. From the sulphur, sulphur dioxide 
is produced. The steam reacts upon a part of the metallic chlorides, 
generates hydrochloric acid, and so acid fumaroles make their ap- 
pearance. 

Third. The acid gases of the second phase force their way through 
crevices in the lava and the adjacent rocks, and their acid contents are 
consumed in effecting various pneumatolytic reactions. The rocks are 
corroded, and where sulphides occur hydrogen sulphide is set free. If 
carbonate rocks are encountered, carbon dioxide is also liberated. 

Fourth. Only steam with carbon dioxide remains, and even the latter 
compound soon disappears. 

This seems to be the general course of events, although it is modified 
in details by local peculiarities. All of the substances enumerated in the 
lists of gases and sublimates given in the earlier portions of this chapter 
may take part in the reactions, but they do not seriously affect the larger 
processes which have just been described. The order is essentially that 
laid down by Deville and Leblanc, except that the early evolution of 
hydrogen and carbonic oxide is taken into account. The current of 
events may be disturbed, so to speak, by ripples and eddies—that is, by 
subsidiary and reversed reactions—but its main course seems to be 
clearly indicated.** 


Harker states :°° 


Different types of solfataric action might be distinguished, and these 
are in some degree characteristic of different kinds of lavas. But it is 
also to be remarked that different volatile constituents may figure promi- 
nently at a given volcanic center at different stages in decline of activity. 
This is in part a matter of direct observation; for it has frequently been 
remarked that only the hottest fumaroles emit hydrochloric and hydro- 
fluoric acids, while sulphurous and hydrosulphuric acids are connected 
with lower temperatures of emission, and water and carbonic acid with 
the lowest temperatures. Some indications of a like sequence have 
already been noted in pneumatolysis under plutonic conditions. 


34 For a summary of our knowledge concerning the magmatic gases pre- 
vious to the work of Brun and Chamberlin, see Lincoln, F. C., Econ. GEot., 
Vol. 2, p. 258, 1907. Lincoln gives a good table of analyses and proposes a 
classification of the volcanic exhalations. For a theoretical discussion relative 
to “gas mineralizers ” in magmas see Niggli, P., Zeitschr. anorg. Chemie, Vol. 
75, p. 161, 1912, and Vol. 77, p. 321, 1912. Also Centralbl. Mineralogie, 1912, 
p. 321; and Geol. Rundschau, Vol. 3, p. 472, 1912. 

35 Harker, Alfred, “The Natural History of Igneous Rocks,” p. 307, 
Methuen & Co., London, 1909. 
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The volcanic emanations contain carbon, hydrogen, sulphur, 
oxygen, nitrogen and minor constituents such as chlorine, fluorine 
and metals in varying proportions and combinations depending 
probably both on the original character and the temperature of 
the gases. 

Day and Shepherd*® collected gases from Kilauea with great 
care to avoid contamination with air, and state that the absence 
of argon “affords a most desirable confirmation of our belief that 
the volcano gases were successfully collected before they had 
come in contact with atmospheric air at all and were therefore 
entirely uncontaminated either by reaction or admixture with it.” 
These gases were analyzed with the following results: 


Gasrs FRoM HALEMAUMAU (KiLAvEa), May, IgI2. 
(Percentages by volume.) 





Tube 1. Tube 2. Tube 8. 





Tube xo. | Tube 17, 





ESS peo gaa Catia 23.8 58.0 62.3. | 50.2 73.9 
BSNS Aa ee 5.6 3.9 3.5 4.6 4.0 
_ SSNS See eee 7.2 6.7 75 730 (1 10.2 
oy SoS MO, SAP ae Ron 63.3 29.8 13.8 290.2 | 11.8 
SD ee aati ib sem hich poe None 1.5 12.8 None | None 
RUE CIO . wns 0 50s 6 | None None None None | None 
Hydrocarbons. ......... | None None None i None |! None 





These gases contained abundant water and before cooling more 
sulphur dioxide than is shown in the analysis. The authors say: 

The SO., for example, has gone over in part or altogether to SO, and 
gone into solution, and only two of the five tubes analyzed now show 
SO, as such. Moreover the resulting acid solutions may have reacted 
to a limited extent on the glass tube, and accordingly be responsible for 
all or a part of the alkalies, lime, and alumina shown in the analyses of 
water. 


The writer understands that the authors do not suppose that 
any sulphuric acid was formed from original constituents on the 
cooling of the gases. 

The analyses of the materials contained in the water are given 
in the following table: 


36 Day, A. L., and Shepherd, E. S., “ Water and Volcanic Activity,” Geol. 
Soc. America Bull., Vol. 24, p. 588, 1913. 
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ANALYSES OF MATERIAL CONTAINED IN THE WATER COLLECTED IN THE TUBES. 


Tube 1, Grams Tube 2, Grams 
AMO Fi) lt 5 >, Secbinaie web bee tne 0.0214* 0.031* 
BD soso ous Sees eS AWEY Soe EER GLENS ee 0.0102* 0.011* 
O70) MAE ees I ee an a RD SPO 0.0120* 0.14* 
a } ss, Rae ae ASR Deets lyhtyet eo. 0.080* 0.010* 
CL SAC EY fot tee ee ered eee eine 0.220 0.206 
ee ern we anc asin atte enna meme 0.565 0.492 
Me Tinie wo cae Oe beis been cones 0.0018 None 
MAND oe Dec abt hos weta Gres anise adn oes Sees 0.005 ( ?) None 
EMEA SOAS OND. nen a Cae wae eicke 0.480 0.508 


* The major portion of these may have come from the glass or from Pele’s 
hair. 


The analyses recorded in the literature indicate that sulphur is 
present in different volcanic emanations as H,S, SO,, SO; and as 
sulphur vapor, and many of the analyses show free oxygen. 


CONDITIONS OF FORMATION OF SULPHUR TRIOXIDE. 


It is obvious that the first step in the deposition of the sulphate 
minerals is the formation of the sulphate radicle and the condi- 
tions under which this forms are therefore of interest. The com- 
mercial importance of sulphuric acid has led to careful investi- 
gation of the modes of formation of sulphur trioxide. Much in- 
formation on this subject has been brought together by Lunge.** 

Sulphuric acid can be formed in many ways, but one way in 
which it may be formed in igneous emanations is that known as 
the contact process. This process consists essentially in bringing 
about the combination of sulphur dioxide and oxygen by the 
aid of a catalyzer. The accompanying diagram, taken from 
Knietsch,*® shows the reaction under different conditions at 
atmospheric pressure. Lunge*® says: 

The most important result of Knietsch’s experiments was that a line 
of stable equilibria exists which divides the range of temperature into 


37 Lunge, George, “ The Manufacture of Sulphuric Acid and Alkali,” 3 
vols., New York, D. Van Nostrand Co., 1913. 

38 Lunge, George, op. cit., p. 1307. 

39 Tdem, p. 1311. 
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two parts [with the catalyzers used]. The range below 200° and above 
go0° or 1,000° may be called devoid of reaction in a technical sense; 
between 200° and 450° the reaction of formation prevails; above 450° 
the dissociation of SO, comes into play very rapidly. 

For the purpose of this paper we may start at a temperature of 
1000° at which SO, will be dissociated into SO, and O, and note 
the change that will take place on cooling. 

It is apparent that the range of temperature in which sulphur 
trioxide forms at all rapidly and is stable under atmospheric pres- 
sure and in a system containing only sulphur and oxygen is 
not large. 

In the manufacture of sulphuric acid the catalyzer commonly 
employed is platinum, but ferric oxide and many other sub- 
stances act as catalyzers, so that many catalyzers may be present 
in mineral veins. 

Another method of producing sulphuric acid, which is employed 
at the plant of the New Cornelia Copper Co., at Ajo, Ariz., should 
be mentioned here. In the treatment of copper ores the copper 
is leached by sulphuric acid and electrolytically precipitated. For 
successful precipitation it is necessary to keep the ferric iron of 
the solutions low. When the solutions become polluted with 
ferric sulphate that substance is feduced to ferrous sulphate by 
spraying the solution through a chamber containing sulphur di- 
oxide.*® The gas is cooled from 600° to 150° F. in passing 
through the chamber. The ferric iron in the solution is practi- 
cally all reduced, according to the following reactions :*? 


Fe,(SO,)3; + SO, + 2H,O=2FeSO, + 2H.SQ,. 


FORMATION OF SULPHURIC ACID IN NATURE. 


The possible conditions under which sulphuric acid is formed 
in nature have been considered in detail by Ransome.*? In dis- 


40 Tobelman, H. A., and Potter, J. A., “ First Year of Leaching by the New 
Cornelia Copper Co.,” Am. Inst. Min, Eng. Bull. 146, p. 475, 1919. 

41 Idem, p. 478. 

42 Ransome, F. L., “The Geology and Ore Deposits of Goldfield, Nev.,” 
U. S. Geol. Survey Prof. Paper 66, pp. 189-195, 1909. 
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cussing the origin of the ore deposits of Goldfield, Nev., Ransome 
considers three hypotheses: (1) “‘ The direct volcanic hypothesis,” 
which postulates that the solutions come from deep-seated sources 
charged with sulphuric acid, a hypothesis supported by the pres- 
ence of the sulphate-bearing minerals hauynite and noselite as 
original constituents of volcanic rocks and the presence of barite 
and celestite in mineral deposits that are generally believed to 
have been formed independently of surface agencies; (2) “the 
hypothesis of the derivation of sulphuric acid from the oxidation 
of pyrite,’ a process so well known as to require no discussion ; 
(3) ‘ The hypothesis of simultaneous solfatarism and oxidation,” 
which postulates the rising of solutions containing hydrogen sul- 
phide to or nearly to the surface, their oxidation to sulphuric acid 
by atmospheric oxygen and the descent of the acid solution thus 
formed into the veins again, where they react with the ascending 
solutions and cause the precipitation of metals, sulphides, etc. 


FORMATION OF PRIMARY SULPHATE MINERALS, 


In considering the formation of the primary sulphate minerals, 
it must of course be recognized that sulphates, either as minerals 
or in solution, are prevalent at the surface and that, if waters 
from the surface have had a large part in the formation of a 
mineral deposit, the insoluble sulphates would most naturally be 
formed. On the other hand, sulphates are often found where 
there is good reason to believe that surface waters were not in- 
volved in their formation, and we may inquire whether sulphates 
can form without the aid of surface agencies. First let us see 
what consequences follow the assumption that free oxygen is 
present in a given magnetic emanation, even though many investi- 
gators regard the presence of free oxygen in a magma as improb- 
able. With such an emanation the formation of sulphur trioxide 
would not only be possible but under certain conditions it would 
be inevitable. For instance, a gas that contained only sulphur or 
sulphur dioxide and free oxygen, at 1,000° or higher, on cool- 
ing would pass through the interval favorable to the forma- 
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tion of sulphur trioxide and that compound would form. At 
the higher temperatures, where sulphur trioxide is unstable, 
it would be in low concentration, and the formation and precipi- 
tation of abundant sulphates would not be expected, but where 
temperatures favorable to formation and stability were reached 
a high concentration might result, and there would be a propor- 
tionate tendency to the formation of sulphates. It is natural to 
suppose that barium present in the form of the more soluble com- 
pounds would be the first substance to be precipitated as sulphate 
on account of the very slight solubility of barite in ore solutions 
as indicated by its common occurrence. The same reasoning ap- 
plies to some extent to the formation of anhydrite (CaSO,) at 
high temperature and probably also to the formation of celestite. 
Barite is by far the most insoluble of the sulphates in pure water, 
and apparently also in mineralizing solutions, and, if it were not 
for this mineral, there would be little trace of sulphates as pri- 
mary minerals except where near-surface conditions are reached. 
Such a development of sulphate would seem to be a more natural 
method for the formation of anhydrite, for example, than that 
suggested for the deposits of the Cactus mine, Utah, which did not 
account for the formation of the sulphate radicle. If the sul- 
phate radicle actually forms in the cooling solution, it is easy to 
postulate a moderate supply of calcium from the alteration of the 
monzonite walls of the fissure from which it is known that much 
calcium has been removed. It is possible that under favorable 
conditions the sulphate radicle may form to an extent that would 
result in a solution containing sulphuric acid, which in rocks high 
in alkali and aluminum would at favorable temperatures give the 
conditions for the formation of alunite. As Ransome has pointed 
out, it is notable that solutions which form alunite apparently are 
not good carriers of metal. The Goldfield deposits are a distinct 
exception in their association with metallic sulphides, although 
cinnibar is associated with alunite in deposits east of Beatty, Nev., 
which have been described by Knopf.** The cinnabar occurs in 


43 Knopf, Adolph, “ Some Cinnabar in Western Nevada,” U. S. Geol. Sur- 
vey Bull. 620, p. 64, 1916. 
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silicified and alunitized rhyolite. In the great alunitized areas 
there does not appear to have been extensive removal of iron, 
much of which, whether originally present as oxide or in sili- 
cates, seems to have been altered to pyrite and remained. In 
some of the deposits of the Marysvale, Utah region, hemalite is 
associated with alunite, but the relation of the minerals has not 
yet been carefully studied. Moreover the alunite in the vein is 
remarkably free from other minerals. When sulphus trioxide 
had developed in the cooling solution to the extent of yielding 
sulphuric acid the solution probably ceased to be a carrier of most 
of the metals,** and the formation of sulphur trioxide may pos- 
sibly be a factor in the precipitation of the metals. 

The behavior of smelter gases gives some indication of the 
temperature at which certain sulphates will form abundantly 
under given conditions. Fulton* says: 


The smoke stream also carries water vapor, the origin. of which is the 
moisture in the ore charges fed to the furnaces. As long as the smoke 
stream has a temperature above 440° C., no combination of sulphur 
trioxide with water vapor to form sulphuric acid is possible, but as the 
temperature falls in the flues as the stack is approached, sulphuric acid 
vapor forms by the combination of water vapor and sulphur trioxide 
vapor, until at about 350° C. one half.of the sulphur trioxide present in 
the smoke stream is in the form of sulphuric acid vapor. At ordinary 
atmospheric pressure (760 mm.) sulphuric acid, or rather a mixture of 
98.54 per cent. of sulphuric acid and 1.46 per cent. of water, has a boil- 
ing point of 338° C. From this it follows that above 338° C. all sulphuric 
acid present must be in a vapor form or dissociated, but that below this 
temperature it may be present in the smoke stream in the liquid form 
as a fine mist or small liquid particles. ... When the ore charge 
smelted or roasted contains a considerable percentage of volatile metals, 
such as lead, zinc and cadmium, these partly pass to the fume and, under 
oxidizing conditions, form oxides. The fine fume particles combine 
readily with the sulphuric acid formed, giving rise to sulphates and the 
consequent neutralization of the acid. The neutralization or the forma- 
tion of sulphates probably does not readily take place until temperatures 
below 200° C. are reached, meaning practically that before sulphates are 
formed the sulphuric acid must be below its condensation point. 


44 Ransome, F. L., op. cit., p. 195, suggests sulphuric acid as a precipitant. 
45 Fulton, C. H., “ Metallurgical Smoke,” U. S. Bur. Mines Bull. 84, pp. 
25-26, 1915. 
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There seems little doubt that some sulphates will form at tem- 
peratures above 200°. 

Certain theoretical considerations and facts of observation 
support to some degree the method of formation of sulphates here 
suggested. Sulphates would not be expected in deep-seated rocks, 
and apparently they are absent. They might form in low tem- 
perature magmas, but their abundant formation in such magmas 
would not be expected, and this seems to agree with observations. 
On the cooling of certain mixtures of gases, the formation of 
sulphur trioxide would be expected, and under certain conditions 
the formation of sulphates, and this seems to accord with the 
facts of observation. 

The fact must not be overlooked, however, that the sulphates 
under discussion are associated with sulphides and were appar- 
ently deposited at the same time. The method would appear to 
make it necessary to suppose that sulphides were deposited in the 
presence of free oxygen. 

We may next assume that free oxygen does not occur in the 
assumed magmatic emanation, and see if there is an available 
supply of combined oxygen for oxidation of sulphur to form sul- 
phuric compounds. There seems ample evidence to indicate that 
the oxygen present in the magma and in the surrounding mineral- 
ized zone is not sufficient to insure that all the elements will be in 
their highest state of oxidation. It is sufficient, however, to in- 
sure that much of the iron in igneous rocks may be present as 
ferric compounds, notably magnetite and hematite. In fact, 
ferric iron is an important constituent of most igneous rocks, and 
in the contact deposits and veins formed at high temperatures, 
ferric iron is abundant in the minerals, magnetite, hematite, gar- 
net (andradite) and other ferric compounds. 

- In deposits formed at lower temperatures ferric minerals are 
far less abundant and are often entirely absent, the iron present 
being in ferrous minerals or in sulphides and allied compounds. 
Of veins formed at intertuediate temperature Lindgren*® says: 


46 Lindgren, Waldemar, “ Mineral Deposits,” p. 514, New York, 1913. 
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Scarcely ever do we find the oxides, such as magnetite, specularite, 
and ilmenite. The predominating gangue mineral is quartz, but car- 
bonates are also common, such as calcite, dolomite, and ankerite, more 
rarely siderite; fluorite and barite are occasionally of importance. 


In veins that contain abundant sulphate the ferric minerals 
seem to be at least uniusual, though ferrous minerals—siderite or 
ankerite or manganous minerals—as rhodochrosite or rhodonite 
may be abundant. Thus in the Coeur d’Alene district, Idaho, 
Ransome** finds that magnetite with garnet is largely confined to 
the “contact” type of deposits. In most of the veins of the 
region ferric minerals are absent, though siderite is abundant. 
Barite is locally abundant. 

Spencer*® recognizes a transition in the so-called “contact” 
deposits of the Santa Rita district from a zone near the intrusive 
rock characterized by garnet (andradite) to one characterized by 
manganiferous siderite and hedenbergite. That is an inner zone 
where ferric iron predominates and an outer zone where ferrous 
iron predominates. No sulphates are recognized in these zones. 
Primary ferrous and manganous minerals in abundance are asso- 
ciated with some of the large ore deposits that are believed to 
have formed at intermediate temperatures, such as those of Lead- 
ville, Gilpin County, Rico, Lake City, and Creede, Colo., Butte 
and Philipsburg, Mont., and many others. Barite is present in 
some of the deposits; but it has not been reported from others. 
It is abundant in some deposits, as those of the Tintic district, 
Utah,*® where ferrous and manganous minerals are not abundant, 
though iron sulphide is plentiful. 

The Cactus mine, Utah,®° appears to offer a good example of 
the relation of ferric, ferrous and sulphate minerals. In that 
deposit hematite was abundantly formed. After its deposition 

47 Ransome, F. L., “ Geology and Ore Deposits of the Coeur d’Alene Dis- 
trict, Idaho,” U. S. Geol. Survey Prof. Paper 62, p. 94, 1908. 

48 Spencer, A. C., personal communication. 

49 Lindgren, Waldemar, and Loughlin, G. F., “Geology and Ore Deposits 
of the Tintic District, Utah,” U. S. Geol. Survey Prof. Paper 107, p. 153, 1919. 


50 Butler, B. S., “ Geology and Ore Deposits of the San Francisco and Adja- 
cent Districts, Utah,” U. S. Geol. Survey Prof. Paper 80, p. 121, 1913. 
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had ceased siderite, anhydrite, and barite were deposited (see 
Fig. 40). Pyrite and chalcopyrite were deposited throughout 
the period. 

From a consideration of igneous rocks and different types of 
ore deposits, it would appear that ferric iron is common and ferric 
minerals form in nearly all magmas and their emanations at high 
temperature. Sulphur, on the other hand, does not tend to form 
combinations that crystallize from magmas. Under some con- 
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Fic. 40. Diagram showing relative period of formation of the principal ore 
and gangue minerals of the Cactus ore zone. 


ditions sulphur however combines with the metals as sulphides 
in magmas and may form large deposits or it may be oxidized to 
sulphate, which may then produce complex silicate-sulphate 
minerals. 

In the contact zone and the deep vein zone the higher oxide of 
iron continues to be stable and ferric minerals as oxide and sili- 
cate are abundantly deposited. Sulphur combines with the metals 
to form sulphides but they are in large part later than the ferric 
oxides and silicates, but the sulphate radicle is rarely present and 
only in silicate minerals. As no insoluble sulphites are formed 
there is no record as to the presence or absence of the sulphite 
radicle in the solutions that formed the contact minerals. In 
veins of moderate and shallow depth ferric minerals are very 
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scarce or absent, whereas ferrous minerals in some deposits are 
abundant. Sulphides are abundant and the presence of barite, 
which is by far the most insoluble of the sulphates, indicates that 
sulphates probably formed relativeiy abundantly but for the most 
part were carried away in solution. 

This change from ferric to ferrous minerals, together with the 
appearance of sulphate minerals associated with the ferrous 
minerals, may be interpreted as indicating that at the higher tem- 
peratures the conditions were favorable to the oxidation of iron 
and the reduction of sulphur, whereas at the lower temperatures 
the conditions were favorable to the reduction of ferric com- 
pounds and the oxidation of the sulphur. This interpretation 
agrees with the experimental data so far as the oxidation of sul- 
phur dioxide and the reduction of ferric compounds are con- 
cerned. Possibly this reduction of the ferric compounds takes 
place to some extent even after the ferric minerals have been 
deposited from the ore-bearing solutions. The hematite in the 
Cactus mine, which has already been mentioned, is distinctly 
magnetic and may have become so by the partial reduction of 
ferric oxide when sulphur or its compounds were oxidized to 
sulphuric compounds. This record of the ores, then, reveals one 
possible source of oxygen to form sulphates apart from free 
oxygen in magmatic emanation. If a large part of the iron in 
the magma is in ferric and ferrous oxide, the combination of part 
of the iron with sulphur to form pyrite would greatly reduce the 
amount of sulphur and at the same time would furnish oxygen to 
oxidize the excess of sulphur. It has already been pointed out 
that the iron in the wall rock of many veins as ferrous and ferric 
oxide has combined, in part at least, with sulphur and thus freed 
the oxygen to go into some other combination. 

The deposits of native copper at Corocoro, Bolivia, are worthy 
of note in this connection. The deposits are in a series of red 
sediments. The ore solutions have apparently reduced the ferric 
iron in the beds containing the ores, and sulphates have been 
deposited., Miller and Singewald say :*? 


51 Miller, B. L., and Singewald, J. T., “The Mineral Deposits of South 
America,” p. 92, McGraw-Hill Book Co., Inc., New York, 1919. 
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The mineral solutions that circulated through the ore beds have 
bleached them to a white or light green color, but the impervious shales 
between have not been affected by the solutions. Patches of red sand- 
stone within the ore bodies that have been protected from the bleaching 
action of the mineralizers are barren of ore. ... Gypsum and, less 
abundantly, barite and celestite occur as gangue minerals. 


Steinmann, according to Miller and Singewald,5* believes that: 


The mineralizing solutions were analogous to those that formed the 
other copper deposits of the Andes; that is, characterized by the pres- 
ence of sulphur and arsenic to the subordination of oxygen. On coming 
in contact with the ferric oxide of the red beds, they reduced it and 
bleached those strata, and the sulphur was oxidized to sulphuric acid. 
On account of the greater affinity of sulphuric acid for lime, magnesium, 
and iron, the sulphates of those metals were formed and copper was 
set free. 


There is evidence that many of the elements in the magmas 
besides iron were combiried with oxygen and that with decrease 
in temperature they tended to combine with sulphur. The re- 
markable deposits at Franklin Furnace, N. J.,>* are instructive in 
this connection. There was probably a lack of sulphur in the 
emanations that formed the deposits, and under those conditions 
manganic minerals were deposited. Zinc was deposited abun- 
dantly as oxide and silicate. In deposits containing sulphides, 
manganic minerals are certainly rare, though manganous minerals 
may be abundant and under some conditions manganese sulphide 
has been deposited. Likewise if sulphur is present in the emana- 
tions the zinc oxide and silicate apparently are never deposited, 
but zinc at the temperature at which it will deposit combines with 
the sulphur. F 

It may also be noted that tungsten is most commonly deposited 
as tungstate but it may be deposited as sulphide. The only known 
-occurrence of the sulphide, that in the Emma mine, Utah,5* is a 

52 Op. cit., p. 94. 

53 Spencer, A. C., U. S. Geol. Survey Geol. Atlas, Franklin Furnace folio 
(No. 101), 1908. 


54 Wells, R. C., and Butler, B. S., Washington Acad. Sci. Jour., Vol. 7, pp. 
596-599, 1917. 
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deposit that is believed to have been formed at moderate tem- 
perature. Here the sulphide of tungsten was one of the latest 
minerals to form and apparently in part at least replaced earlier 
sulphides. 

Tin is commonly deposited as the oxide, but in some of the 
Bolivian deposits which seem to have been formed at only mod- 
erate temperatures and in which sulphides are relatively abundant 
the sulphide of tin was deposited. Some of these deposits con- 
tain barite. 

Lunge®® states that “on boiling sulphur with water, hydrogen 
sulphide is evolved and sulphuric acid is found in the residue.” 
The formation of sulphuric acid by heating sulphur with water 
has been demonstrated by Allen.5* Thus hydrogen under certain 
conditions gives up its oxygen, and the oxygen so released goes 
to oxidize sulphur. The production of sulphuric acid by the reac- 
tion of sulphur dioxide and water at about 150° C. will also take 
place®* according to the equation 350, + 2H,O—2H,SO, + S. 
The resulting sulphur would of course be available for reaction 
with water under proper conditions for producing sulphuric 
acid (H,SO,). 

If it be granted that sulphates form in the zone of intermediate 
temperatures without the influence of surface agencies, the ques- 
tion then arises whether a similar origin can be attributed to 
alunite deposits. There seems to be universal agreement among 
geologists that alunite deposits have formed near the surface and 
also that some of them, at least, are formed by acid solutions that 
result from surface oxidation. It is manifestly difficult to prove 
the part that surface and deep-seated agencies have played under 
such conditions, but if barite, anhydrite, and celestite can and do 

55 Lunge, George, op. cit., Vol. 1, pt. I, p. 17. 

56 Allen, E. T., personal communication. 

57 Lewis, G. N., Randall, M., Bichowsky, R. V., “A Preliminary Study of 
Reversible Reactions of Sulphur Compounds,” Am. Chem. Soc. Jour., Vol. 
40, p. 356, 1918. 

Randall, M., and Bichowsky, R. V., “Equilibrium in Reaction between 


Water and Sulphur at. High Temperatures; The Dissociation of Hydrogen 
Sulphide,” Am. Chem. Soc. Jour., Vol. 40, p. 368, 1918. 











PRIMARY SULPHATE MINERALS IN ORE DEPOSITS. 605 


form from deep-seated solutions without surface oxidation, there 
seems to be no good reason why alunite might not also and why 
this mode of origin may not be considered if it seems to accord 
best with the observed facts. 

The occurrence of hinsdalite as a primary mineral in deposits 
that are believed by the geologists who have described them to be 
of deep-seated (hypogene) origin is of interest. This mineral 
is chemically closely allied to alunite—in fact is a member of the 
alunite group of minerals—and if it can form from the same 
solutions as sulphides, rhodochrosite, and barite, there seems to 
be no inherent reason why alunite might not also form from 
ascending solutions under the proper physical conditions. 

The geological evidence indicates that alunite can form only at 
low temperatures, probably considerably below the initial tem- 
perature at which sulphuric acid and the sulphates of potassium 
and aluminum may appear in the solutions. 

The mineralogically allied minerals of the jarosite group and 
other allied basic ferric sulphates are apparently formed only by 
surface (supergene) solutions, and under near surface conditions 
favorable for oxidixing iron, where they may form abundantly. 
It is obvious that they can form only under conditions favorable 
to the stability of the higher oxides of both iron and sulphur, and 
it appears that alunite forms under conditions that favor the 
reduction of the higher oxide of iron to ferrous compounds or 
sulphide, on the one hand, and that favor the formation of the 
higher oxide of sulphur, on the other hand. 

The fact that ore solutions may change their character during 
the deposition of the ore has been long recognized. Thus Lind- 
gren®® in describing the alteration of the rocks adjacent to the 
veins in the De Lamar mine, Idaho, states: 

This confirms the view set forth that two different processes have been 


‘active; first, an ordinary process of sericitization, accompanied by a 
vein filling of barite and calcite, effected by waters containing alkaline 
58 Lindgren, Waldemar, “ The Gold and Silver Veins of Silver City, De 


Lamar, and Other Mining Districts in Idaho,” U. S. Geol. Survey Twentieth 
Ann. Rept., pt. 3, p. 182, 1900. 











606 B. S. BUTLER. 


carbonates; second, pseudomorphic replacement of the filling by quartz 
and leaching of Al,O, from the sericitized country rock by siliceous 
(probably acid) waters. 


Lindgren®® also states that “the loss of so much Al,O; can be 
explained on the supposition that the waters contained sulphuric 
acid, as only such thermal waters are known to dissolve alumina 
in large quantities.” In another work he says :*° 


Veins formed near the surface in volcanic regions are sometimes sub- 
ject to peculiar changes, which are rarely observed in deposits of more 
deep-seated origin. An earlier gangue mineral, such as calcite or barite, 
may be wholly wiped out and replaced by a new gangue of quartz and 
adularia. This alteration has nothing to do with surface waters; it is 
plainly caused by a change in the composition of ascending currents. 


In the San Francisco district, Utah, the writer has described a 
notable difference in the alteration of the wall rock and in gangue 
minerals in neighboring deposits in Tertiary lavas which it is 
believed represent different stages in the process of ore deposi- 
tion. Thus, regarding the Horn Silver and Beaver Carbonate 
mines, it is stated®? that— 


Although the principal ore minerals of the two deposits are the same 
there is a notable difference in the gangue minerals. Carbonates are 
important in the Beaver Carbonate*mine and sulphates in the Horn 
Silver mine. This difference points to a difference in the character of 
the solutions that deposited the ores, and a similar difference is indicated 
in the alteration of the rock adjacent to the deposits. The extensive 
removal of alumina from the rock of the Horn Silver deposit and the 
presence of abundant sulphates is contrasted with the failure to remove 
alumina and the presence of calcite in the Beaver Carbonate deposit. 


The presence of sulphuric acid in solution that deposited sul- 
phides is suggested by Spurr.6* Concerning the alteration of the 
wall rocks at Tonopah, Nevada, says: 


59 Idem, p. 181. 

60 Lindgren, Waldemar, “ Mineral Deposits,” p. 436, New York, 1913. 

61 Butler, B. S., “Geology and Ore Deposits of the San Francisco and 
Adjacent Districts, Utah,” U. S. Geol. Survey Prof. Paper 80, p. 133, 1913. 

62 Spurr, J. E., “Geology of the Tonopah Mining District, Nev.,” U. S. 
Geol. Survey Prof. Paper 42, p. 234, 1905. 
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However, they [the mineralizing solutions] attack the rock vigorously 
by virtue of the carbonic acid, probably also sulphuric acid, and perhaps 
to a less extent by acids of chlorine and fluorine. 


The many known reversible reactions that go on with changing 
conditions make the problems of changes in ore solutions most 
complex. These probleins really belong in the field of chemistry, 
but as the reactions that go on in ore solutions as a result of 
changes in temperature and in concentration may exert a large 
influence on the deposition of the ores, the geologist may properly 
point out some of the facts that need explanation and indicate the 
evidence of the changes that have taken place as they are pre- 
served in the rocks and ores. There are undoubtedly changes of 
which no record is preserved; indeed, were it not for the pres- 
ence in ore deposits of a few sulphates that are relatively insol- 
uble, there would be little record of the existence of the sulphate 
radicle in ore solutions from deep sources. In this paper atten- 
tion has been directed to some possible relation of sulphur and 
oxygen to other constituents of ore solutions, but it is obvious 
that other elements should be considered, of which carbon is an 
important one. 

The possibility of the formation of sulphuric acid and sulphates 
in magmatic emanations may have a bearing on many problems, 
but it is not the purpose to pursue their study in this paper. It 
may, however, be pointed out that close observation of the rela- 
tions of minerals is essential to a clear understanding. It seems 
certain that although barite, for instance, does not form at high 
temperature, it may be associated with minerals formed earlier 
at high temperature, or even later, as when once formed and per- 
haps covered with other minerals it might persist, even though the 
temperature might be raised. 

_ A student of copper deposits, when considering the possibility 
of a deep-seated source of sulphuric acid, will read with added 
interest the paper by Zies, Allen, and Merwin®* on reactions be- 

63 Zies, E. S., Allen, E. T., and Merwin, H. E., “ Some Reactions Involved 


in Secondary Copper Sulphide Enrichment,” Econ. Geox., Vol. 11, pp. 407- 
503, 1916. 
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tween copper sulphate and sulphuric acid and various sulphides 
at moderately high temperature. It seems that there is an almost 
unlimited field for similar investigation which will contribute 
directly to the solution of some problems of ore deposition. 


SUMMARY. 


Sulphates in igneous rocks and in deposits formed at high 
temperature are confined to a few complex silicate minerals that 
contain the sulphate radicle. In deposits formed at intermediate 
temperature barite is common and anhydrite and celestite are not 
uncommon. Under favorable conditions and probably at com- 
paratively low temperature alunite forms abundantly. In some 
deposits at least the sulphate radicle of the alunite was probably 
derived from deep-seated solutions. 

A study of volcanic emanations has shown that they exhibit 
changes in character and that in the later stage of fumarolic 
activity they may contain sulphurous and sulphuric compounds. 
Sulphuric acid can readily be formed by the reducing action of 
sulphur dioxide on ferric solutions. If igneous emanations con- 
tain free oxygen and sulphur or sulphur dioxide it would be 
expected that, as they become cool, sulphur trioxide would be 
formed, and that at suitable temperature the sulphates would be 
formed. Sulphur trioxide is unstable at high temperatures and 
the temperature range in which it forms rapidly and is stable is 
narrow. If emanations contain no free oxygen that combine with 
the metals or with hydrogen at high temperatures, they may at 
lower temperatures combine with sulphur to form the oxides of 
sulphur and sulphuric compounds. 

This interchange of oxygen from certain elements at high tem- 
perature to sulphur at lower temperature is believed to be an im- 
portant factor not only in the formation of sulphates in solutions 
of deep-seated origin but also in the precipitation of primary 
(hypogene) ore minerals. 
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METHOD FOR PROJECTING STRUCTURE THROUGH 
AN ANGULAR UNCONFORMITY. 


Cuirton S. Corsett. 


INTRODUCTION. 


The discovery of oil in the deeply buried Bend series of north- 
central Texas and the subsequent development of the newly found 
productive horizons therein has led to much speculation in regard 
to the relation of structures in the surface formations to struc- 
tures in the unconformably underlying Bend formation. The 
deformation which produced any given local structure in the for- 
mations now at the surface affected also the formations lying 
uncomfortably below and produced a corresponding local struc- 
ture in them. In an endeavor to determine the nature of under- 
lying structures corresponding to known surface structures the 
writer developed the method described below for projecting 
structure through an angular unconformity. 

This paper is offered in the hope that the method described will 
prove of assistance in studying the problems met with in the de- 
velopment of new productive territory in the north-central Texas 
region and wherever else a similar condition exists. The limita- 
tions of the method are great and must not be overlooked. They 
will be discussed in more or less detail below. 


EXPLANATION OF THE METHOD. 


In projecting structure through an unconformity three sets of 
conditions must be known in order to find or work out the fourth 
or unknown one. These are (1) the general strike and dip of 
the surface formations, (2) the general strike and dip of the 
unconformably underlying formations, and (3) the local struc- 
ture of the surface formations. The unknown condition to be 
found is the corresponding local structure in the underlying for- 
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mations. The first and third conditions may be learned by de- 
tailed mapping operations carried on in the field (where outcrop- 
ping beds permit) ; the second can be learned only from the study 
of logs of deep borings (in many cases the second condition 
may be surmised with a fair degree of accuracy from a study 
of the regional geology). 

The method may best be explained by following through with 
the aid of charts an assumed case. In this assumed case the gen- 
eral strike of the upper series of beds is taken as N. 30° E. and 
the dip, 50 feet per mile to the northwest; the general strike of 
the lower series is taken as east-west and the dip, 40 feet per 
mile to the north. In Chart 1 (Fig. 41) are shown in solid lines 


CHART 1 
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the contours for the general strike and dip of each series, an arbi- 
trary elevation being assigned to the respective contour horizons. 
The contours for the upper series as displaced by an assumed local 
structure, such as might be mapped in the field, are shown in 
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dashed lines. For convenience a set of vertical lines is placed 
on the chart to form a grid system with the east-west contours 
(horizontal lines) of the lower series. A similar grid system is 
placed on Chart 2. Also for convenience in referring from one 
chart to the other corresponding intersections a mile distant from 
each other are marked by small crosses. At each intersection of 
the grid system, in the area affected by the local folding, is entered 
the calculated elevation of the contour horizon of the lower series 
for that point. Points between intersections may be taken if 
additional data are needed. With these data the local structure 
of the lower series is drawn. The elevations of the contour 
horizon of the lower series are calculated in each case as indicated 
below for the intersection marked on the two charts by a small 


CHART 2 
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circle. At that point the contours on Chart 1 show that the con- 
tour horizon of the upper series has been raised from 994 feet 
to 1,033 feet, that is, a vertical distance of 39 feet. The go-foot 
contour of the lower series passed through this point before the 
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local folding ; therefore the present elevation of the same horizon 
at that point is now 129 feet. The figure 129 is written down at 
the corresponding intersection of the grid on Chart 2 and the 
process repeated for every point where an elevation is desired. 
Chart 2 shows, by dashed-line contours, the structure in the 
lower series corresponding to the structure in the upper series as 
given in Chart 1. The former is the structure which would con- 
trol any accumulation of oil in the lower series and knowledge of 
its size and shape is of great importance in directing exploration 
for oil in the lower series. In the case here assumed it will be 
seen that the structure in the upper series is a westward plung- 
ing nose with a terrace at the top, whereas the structure in the 
lower series is a well-formed anticline having 30 feet of closure. 


LIMITATIONS. 


Any combination of the three sets of known conditions may 
be treated in this manner. There are, however, three important 
limitations to this method for determining subsurface structure 
accurately. First there is the uncertainty that the general lay of 
the underlying beds has been determined accurately from the 
study of well logs. Well log correlations over any considerable 
distances are not always satisfactory and in so far as the 
general lay of the underlying beds as determined differs from 
the existing condition the projected structure will differ from 
what it should be. 

A second limitation is that the method does not take care of a 
dying-out or accentuation of folding in depth. For instance, it 
has been found that where there is a large amount of shale or 
other incompetent material in the series the folds are likely to be 
more pronounced in depth. It may be that some of the apparent 
accentuation of the folds of the Bend formation, mentioned below 
as probably not to be entirely accounted for by projection of 
structure through the unconformity, is due to this strengthening 
of the folds in depth. After a locally productive area has been 
more or less thoroughly drilled the extent of this accentuation of 
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structure in depth could be determined by comparing the structure 
as worked out from well logs for a low horizon of the upper 
series with the surface structure as mapped. The structure for 
the lower horizon could then be projected through the uncon- 
formity by the method described and the result used for compari- 
son with the structure in the lower series actually worked and 
from well logs. 

The third limitation is that this plan of projecting structure 
gives a structure for the lower series which represents only the 
folding that affected the upper beds. In so far as the lower 
series suffered local folding at a given place before deposition of 
the upper formations, the structure worked out for the lower 
beds by the method described will fail to portray the actual con- 
ditions at depth. The development of the oil fields of north- 
central Texas is showing the local folding in the lower series to 
be more extensive than the corresponding folding of the surface 
formations and probably more accentuated than would be found 
by projection of the surface structures to the lower series. The 
writer’s work has not been such as to enable him to collect and 
thoroughly study sufficient detailed information to compare one 
or more of the subsurface folds as actually worked out from well 
records with results obtained by projection of the surface fold 
to the lower series of beds. It is quite probable that in most 
localities of structural irregularity in the surface formations 
there was earlier folding and that the surface structures merely 
indicate a recurrence of folding along former lines of weakness. 
Consequently, for this reason as well as that of the probable 
strengthening of folds in depth referred to above, it is believed 
that structures projected to the lower series from known surface 
structures will indicate the minimum size of structure that may 
be expected at depth. 


RESOLVING OF A SUBSURFACE STRUCTURE INTO TWO 
STRUCTURES ON BASIS OF TIME OF FOLDING. 

By a process similar to that employed for projecting structure 

through an unconformity the amount of structure so projected 
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may be taken out of the structure actually found from a study of 
drilling records, and the local structure existing in the lower 
beds prior to deposition of the upper series may be thereby de- 
termined. In this manner a rough measure of the earlier folding 
may be obtained. 

Suppose Chart 3 represents the subsurface structure as actually 
determined from well logs underlying the surface structure 
shown in Chart 1. In order to take out of this structure the 
amount of structure due to the later folding which affected the 
surface beds, that is, the amount of structure shown on Chart 2, 
a figure for each intersection of the grid system is obtained as 


CHART 3 
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follows, using the same intersection as before to illustrate. In 
Chart 3 the elevation of the contour horizon of the lower series 
at the intersection marked by the small circle is 167 feet instead of 
90 feet as it would have been had there not been any local fold- 
ing; that is, the contour horizon has been raised 77 feet at this 
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point. The amount of rise due to the folding which affected the 
surface beds as determined above was 39 feet. The difference 
between these two figures, 38 feet, is the amount of rise which 
took place at this point before deposition of the upper beds. This 
added to 90 feet gives 128 feet, which figure is entered at the 
corresponding intersection of the grid on Chart 4. By determin- 


CHART 4 
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ing and entering the figures for each intersection, and points in 
between where desired, and drawing contours according to these 
data the structure shown on Chart 4 is obtained, which would 
represent the local fold before deposition of the upper formations. 

The results of thus resolving any given fold into two folds after 
the area has been more or less thoroughly drilled should be of 
academic interest in showing the magnitude of the earlier folding. 
Such an investigation of actual conditions in developed areas may 
prove of practical value in giving some idea as to what might be 
expected in other localities of the same region. It is not to be 














PROJECTING STRUCTURES. 617 


assumed, however, that the proportions of earlier to later folding 
would be uniform for the various local folds in any region. 


FURTHER APPLICATIONS OF THE METHOD. 


Attention is called here to the fact that structure may be pro- 
jected across more than one angular unconformity just as readily 
as across one, providing the required sets of conditions are 
known. The process is merely a transferring of the vertical 
movement from one series to the other and any intervening series 
of formations may be disregarded. Thus in those portions of 
the north-central Texas oil region where Cretaceous rocks cover 
the Pennsylvanian beds with marked angular unconformity, struc- 
tures in the Cretaceous may be projected directly through to the 
Bend series. The more unconformities between the upper and 
lower series, however, the greater will probably be the difference 
between the projected structure and the actual structure in the 
lower series. 

Another application of this method of studying structure, 
which should be of interest to one searching for favorable struc- 
tures in the field, may be made by reversing the process and find- 
ing the kind of surface structures which would correspond to 
typical favorable structures in the lower series. In this manner 
can be gained some idea of the type and size of local structures 
to be sought in field work. In choosing a type case for illustrative 
purposes the writer took general conditions approximately as they 
are thought to exist in the north-central part of Eastland County, 
Texas, and an ideal structure for the lower series and projected 
it through to the upper series, thereby deriving the assumed 
structure shown on Chart 1. The resulting westward plunging 
nose resembles closely the surface structures of some,of the pro- 
' ductive territory of that area. 


CONCLUSION. 


It is believed that subsurface structure derived by projection 
of surface structure will give the nearest approach to actual con- 
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ditions in a lower unconformable series of beds that can be 
obtained in advance of drilling. It would follow then that the 
most favorable locations for first tests in localities where there 
is some surface structure could be picked from a consideration 
of the corresponding projected structure in the lower series. In 
a partially developed region, however, throughout which the gen- 
eral lay of the upper and lower series is uniform, first tests of 
surface structures might be better located according to some em- 
pirical rule derived from results of development of other similar 
surface structures ; this because such a rule may best take care of 
conditions due to earlier folding which did not affect the upper 
series. For wild-cat drilling where no empirical rule is to be de- 
pended upon, location of tests according to projected structure is 
recommended. 











METALLIC COPPER IN A METEORITE VEIN. 
T. T. Quirke. 


A meteorite which fell June 30, 1918, twenty miles south of 
Richardton, N. D., affords an interesting occurrence of metallic 
copper, hitherto unknown in meteorites. The copper is in veins 
of metallic nickel-iron and iron sulphide. The meteorite is of the 
veined, gray chondrite type (Cca) of Brezina’s classification, 
composed chiefly of olivine and monoclinic pyroxene, subordinate 
amounts of glass and troilite, and almost 20 per cent. of an alloy 
or iron and nickel (Plate XXV a). 

Minerals.—The minerals of the veins are: (1) An alloy of iron 
and nickel in the proportion of 10 to 1; (2) troilite, FeS, mag- 
netic iron sulphide, unknown among terrestrial minerals, but very 
closely related to pyrrhotite, and (3) a few flecks of metallic 
copper. Iron and nickel constitute about four fifths of the vein 
filling material, troilite about one fifth, and copper a small frac- 
tion of one per cent. Iron and nickel are scattered throughout 
the stony mass of the meteorite, troilite is scanty outside of the 
veins, and copper has been found only in the veins. These veins 
illustrate a type of metallic and sulphide deposits without parallel 
in ore deposits. They are of interest as illustrative of what has 
happened under conditions marked by the absence of oxidation 
agents. 

In some veins of the Richardton meteorite, iron and nickel are 
the dominant vein minerals, containing little blebs and irregular 
grains of troilite, in other veins troilite is the chief constituent, 
* surrounding globules and irregular pieces of nickel-iron. In two 
polished sections flecks of metallic copper are included in troilite, 
which in turn is surrounded by metallic iron (Plate XXV b). 
Three flecks of copper have been discovered on polished surfaces 
totalling ten square centimeters, the largest piece of copper being 
about 0.6 by 0.08 millimeters in area. 

619 
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Mineral Relations—The relations of the vein minerals to the 
stony part of the meteorite are not entirely clear. Metallic iron is 
scattered throughout the meteorite and is concentrated irregularly 
along the veins. Troilite is irregularly distributed along the veins 
and is disseminated less abundantly than the metals throughout 
the groundmass of the meteorite. The outer parts of some of 
the chondrules are impregnated with very fine grains of troilite, 
but no iron has been discovered with such relations. Many of 
the chondrules are partly or completely surrounded by iron and 
troilite, but none are cracked and penetrated by iron, nor does any 
surround or include a metallic grain. But since troilite does in- 
trude the chondrules, and since -it is syngenetic with the iron, it 
follows that both metals and sulphide are epigenetic. They have 
formed in fissures in the stony portion of the meteorite. 

Veins.—The veins are only a few millimeters wide, in form 
resembling fissure veins. In several specimens there are two 
systems of sub-parallel veins at approximately right angles to one 
another, similar to common terrestrial fissure systems. In some 
cases veins are offset slightly by others cutting them, and some 
split into subsidiary veins, in rare cases reuniting in other places. 
The veins are clearly planes of weakness, for many small speci- 
mens of the meteorite are bounded in part by planes embossed 
with melted and partly fused blebs and globules of vein material. 
Merrill’ notes that many meteorites have veins clearly due to 
fractures formed previous to their entrance into our atmosphere, 
and it seems safe to conclude that the veins in.the Richardton 
meteorite follow fracture planes. Other meteorites are known 
to contain iron and troilite veins, but few show so clearly the 
syngenetic relation of the metal and troilite. 

The manner of the filling of these veins has always been un- 
certain. Quoting Merrill :? “The position occupied by the metallic 
constituent in a stony meteorite or pallisite is such as to indicate 
plainly its secondary origin or introduction after the consolida- 
tion of all other constituents except the sulphides. While its 


1 Merrill, Geo. P., United States Nat. Mus. Bull. 94, 1916, p. 21. 
2 Idem, pp. 20-21. 
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Fic. a. Metallic iron and nickel in veins and scattered throughout groundmass 
of Richardton meteorite. 





Fic. b. Photomicrograph of polished surface of a meteorite vein showing 
streak of metallic copper imbedded in troilite, itself in contact with metallic 
nickel-iron. 
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melting point (about 1500° C. or 2132° F.) is somewhat lower 
than that of the associated silicates, the manner in which it 
frequently penetrates the fractures of these constituents (see 
Admire pallasite) is so strikingly like that of the native copper in 
the siliceous breccia of the Lake Superior region as to suggest 
that it results not from a condition of dry fusion, but rather from 
the reduction of some easily reducible iron-rich compound like 
lawrencite. Such a reduction, as noted by Nordenskiold* and 
others, must have taken place outside of our atmosphere and in 
an atmosphere deficient in oxygen.” 

Referring to the veins in the Farmington meteorite, Farring- 
ton* writes as follows: 

The following suggestion as to the origin of the veins was made by 
Preston: 


That as the meteor struck our atmosphere the concussion was so great 
that the mass was fractured in various places, of course extending from 
the surface inward, and the larger of these fissures or fractures were 
then filled by the metallic iron which was fused on the exterior surface 
of the mass due to its velocity through the atmosphere, and was thus 
forced in a molten state into its present position, thus forming the metal- 
lic veins. 

This explanation was questioned by Farrington. His conclusion was 
that the veins were phases of structure of the metallic constituents of 
the mass, his objections to Preston’s view being the following: 

(1) The interior of a meteoric mass of any considerable size is so cold 
that portions of molten metal would be chilled before penetrating to any 
appreciable distance. (2) The metallic constituents of the Farmington 
meteorite are its least fusible ones. 


It may be added that lawrencite, FeCl,, might be reduced to 
metallic iron if some means were provided for getting rid of the 
chlorine. If the stony meteorites contained any stable chloride, 
that suggestion would be most attractive. However, stable 
chlorides are unknown in stony meteorites either with or without 
metal. Furthermore, in the case of Richardton, the suggested 
introduction of lawrencite does not explain the presence of from 
7 to 10 per cent. of nickel, neither does it explain the abundance 


3 Nordenskiold, Zeits. d. D. geol. Ges., 1881, p. 25. 
4 Farrington, O. C., Nat. Acad. Sci., Mem., XIII, p. 187, 1915. 
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of syngenetic troilite, nor does it touch the matter of segregation 
of these minerals in veins. In the case of terrestrial deposits we 
might suggest the introduction of metals and sulphides in aqueous 
solutions, but meteorites are typically lacking in water. The sug- 
gestion that the metals were poured into the crevices while molten 
during the meteorite’s brief passage through our atmosphere is 
scarcely probable as noted by Merrill and Farrington. How- 
ever, the Farmington meteorite shows the tops of troilite crystals 
melted into globules, and little streams of troilite frozen while 
running in the openings of the meteorite. The troilite in this 
meteorite might have melted during flight through the air. The 
Farmington meteorite, however, is unusually porous, and, as it 
passed through the air, the enormously compressed air in front of 
it might have penetrated its interior and melted the troilite. 
According to Ward,® a meteorite going 60 miles per second causes 
the air crowded in front of it to attain a temperature of over 
5000° C. by reason of its compression. The Farmington meteor- 
ite probably did not fall at such a high velocity, but it probably 
fell fast enough to compress the air until it reached a temperature 
considerably above that at which troilite melts. However, such 
a case could apply only to the most fusible minerals in an unusu- 
ally pervious and porous meteorite like the Farmington; not to 
a dense stone like the Richardton, and surely not to metallic iron 
and nickel, even if it might apply to troilite. Whatever caused 
the deposition of the iron, deposited also the troilite, for the metal 
and sulphide are clearly syngenetic. It is clear, also, that the 
veins were filled previous to the advent of the meteorite into our 
atmosphere. 

The history of the veins seems to be that at some time the 
meteorite was fractured, later the fractures were filled with iron, 
nickel, troilite and copper, contemporaneously deposited, and that 
the veins were filled neither by aqueous solutions nor by fusion 
of the constituents. First, suppose that the vein material is a 
concentration of the essential constituents of the meteorite, neither 
introduced from outside the meteorite nor formed in veins pre- 


5 Quoted by Farrington, idem, p. 492. 
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vious to its separation from some larger body; otherwise the 
veins, probably, but not necessarily, would be offset or shattered 
by fractures of a later non-mineralized type. What agencies 
remain as means of concentration after discarding aqueous solu- 
tions and dry fusion? Supposing the concentration of the vein 
minerals to have taken place while the meteorite was in space, 
the conditions must have been marked by extreme scarcity of 
oxygen, water, atmospheric pressure and heat, a coincidence of 
conditions unknown on our planet. Where so many factors are 
unknown, hypotheses naturally are advanced with diffidence; 
however, progress cannot be made except by the examination of 
alternate working hypotheses. 

Eliminating fusion and solution, the only means of movement 
remaining to the minerals seems to be molecular. Solids have a 
vapor pressure, which is very small at normal temperatures, and 
must be much smaller in the extremely cold reaches of space. 
However, in space the vaporization must be continuous, because 
a balance can never be attained where the vapors are dispersed 
as soon as produced. Given time enough, vaporization of solids 
in space might amount to an appreciable sum. Would the min- 
erals tend more to become inert and stable because of the scarcity 
of heat than they would tend to become molecularly mobile on 
account of the reiterated removal of vapor? And if they become 
more mobile, would the metals and troilite be more mobile than 
the silicates? If so, would that mobility bring them from the 
interior of the stone to the exterior and into the fractures? If 
all that happened, then naturally it follows that the iron, nickel 
and copper must remain metallic in the absence of oxidizing 
agents, and whatever sulphur there is would combine with the 
least easily reduced (and most readily oxidized) metals, forming 
ferrous sulphide, FeS (troilite), leaving the remainder of the 
iron, all the copper, and all the nickel in metallic state. The highly 
speculative nature of these surmises is apparent. A conservative 
conclusion seems to be that the veins and fractures were formed 
before the meteorite started on its travels through space, and that 
no later fractures due to parental disruption happen to traverse 
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the mineralized veins of the meteorite. According to this hypoth- 
esis, the vein filling is a concentration of material scattered 
throughout the stony mass, which was brought about in the 
absence of oxidizing conditions by agencies and processes 
unknown. 

The conclusion remains that the Richardton meteorite contains 
metalliferous veins of iron sulphide, metallic iron, nickel and 
copper along fractures, which are epigenetic to the stony con- 
stituents of the meteorite. 











REVIEW OF THE RECENT LITERTURE ON THE 
TUNGSTEN DEPOSITS OF BURMA. 


H. W. Turner. 


1. Bleeck, A. W. G. On Some Occurrences of Wolframite Lodes and 
Deposits in the Tavoy District in Lower Burma. Rec. Geol. Sur. 
India, Vol. 43, part 1, pp. 48-74, 2 plates, 1913. Partially reprinted 
in Min. Res. U. S. for 1912, pp. 998-1000. 

. Brown, J. Coggin. Solubility of Tungsten Minerals. Min. and Sci. 
Press, Vol. 115, pp. 302-303, 1917. 


to 


3. Campbell, J. Morrow. The Ore Minerals of Tavoy. Min. Mag., 
London, Vol. 20, pp. 76-89, 1919. 
4. Gannett, R. W. Experiments Relating to the Enrichment of Tung- 


sten Ores. Econ. Grox., Vol. 14, pp. 68-78, 1919. A digest of this 
paper appears in the Min. Mag., London, Vol. 20, pp. 311-313, 1919. 
5. Griffiths, H. D. The Wolframite Industry of Lower Burma. Min. 
Mag., London, Vol. 10, pp. 440-451, 1914. 
. Griffiths, H. D. The Wolfram Deposits of Burma. Min. Mazg., 
London, Vol. 17, pp. 60-66, 1917. 
7. Griffiths, H. D. The Kanbauk Wolfram Mine. Min. Mag., London, 
Vol. 17, pp. 211-219, 1917. 


f=r) 


8. Jones, W. R. Mineralization in Malaya. Min. Mag., London, Vol. 
13, pp. 195-202 and 322-330, 1915. 
9. Jones, W. R. Tin and Wolfram Lodes. Min. Mag., London, Vol. 


17, p. 230, 1917. 

10. Jones, W. R. The Origin of Wolfram Deposits. Min. Mag., Lon- 
don, Vol. 18, pp. 319-320, 1918. This is an abstract of a lecture de- 
livered by Dr. Jones at Tavoy. 

11. Jones, W. R. Tungsten in Manganese Ore. Eng. and Min. Jour., 
Vol. 106, p. 779, 1918. 

12. Maxwell-Lefroy, E. Mining in the Tavoy District in Lower Burma. 
Min. and Sci. Press, San Francisco, Vol. 109, p. 448, 1914. 

13. Maxwell-Lefroy, E. Wolframite Mining in the Tavoy District in 
Lower Burma. Trans. Inst. Min. and Met., London, Vol. 25, pp. 
83-100, 1916. 

14. Means, J. H. Letter to Hess Describing the Wolfram-tin Deposits 
of the Mawchi Mines in the Southern Shan States. Min. Res. U. S. 
for 1912, p. 9908. 


625 














626 H. W. TURNER. 


15. Rastall, R. H. The Genesis of Tungsten Ores. Geol. Mag., Lon- 
don, N. S., Decade VI., Vol. 5, 1918. 

16. Scrivenor, J. B. Tungsten Ores in the Federated Malay States. 
Abstract in the Min. Mag., London, Vol. 14, pp. 347-348, 1916. 


On account of the great demand for metallic tungsten and its 
products in recent years, descriptions of nearly all districts where 
tungsten ores occur have been contributed to the geological and 
mining journals. Of these districts one of the more important 
is that known as the Tavoy district in Lower Burma, a province 
of British India. One of the latest articles, by J. M. Campbell, 
is rather revolutionary in its conclusions as to the origin of these 
deposits and veins, and hence a general review of the data pub- 
lished may be of interest. Reference to the Mawchi Tin and 
Wolfram mines of the Southern Shan States is also made as well 
as those of adjacent districts. Burma, from 1906 to 1917 inclu- 
sive, produced about 18,530 metric tons of tungsten. concentrates, 
calculated as of 60 per cent. WO, content by Hess and the Min- 
eral Industry. This estimate is for the province of Burma, in- 
cluding the Tavoy and Mergui regions and the Shan States. 

Several of the papers noted above describe in detail the meth- 
ods of mining the ores and their commercial value, but only such 
data as concern the occurrence and origin of the ores are referred 
to in this review. 

Apparently the most reliable paper on the general geology is 
that by Bleeck (1). This paper has been abstracted by Rastall 
(15) and partially reprinted by Hess.1. In the Tavoy district 
numerous granite masses are intruded into the quartzites, 
quartzitic conglomerates and schists of the Mergui series. The 
biotite granites contain tourmaline and cassiterite as accessories. 
The wolframite occurs in quartz veins running out from the 
granite into the sedimentary series; the chief minérals present 
being quartz and wolframite. The following minerals were ob- 
served in all the lodes but in negligible amount: Molybdenite, 
bismuthinite, pyrite, chalcopyrite, galena, arsenopyrite, columbite 
in black orthorhombic crystals, and tourmaline in microscopic 


1“ Min. Res. U. S. for 1912.” 
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crystals. Muscovite, a yellow-green lithia-chlorite and green 
chlorite (penninite) were determined as present. At Kalonta a 
quartz, muscovite and wolframite occurred close to the quartz-tin 
and quartz-wolframite veins. In this lode the quartz is of the 
usual granitic type and the rock may be called a greisen. The 
micas show a lithia reaction. Wolframite occurs in small crystals 
scattered through the greisen and tourmaline forms an accessory. 

According to their mineral composition, the lodes may be classi- 
fied into three groups as follows: A, Wolframite-quartz lodes; 
B, Cassiterite-quartz lodes; C, Wolframite-greisen lodes. Of 
these the first is by far the most important. 

Griffiths (5) in 1914 notes that the Tavoy biotite granite be- 
comes porphyritic near the contact, and that cassiterite as a con- 
stituent was found only in the porphyritic facies, or more par- 
ticularly where this facies merges into a broad band of fer- 
ruginous feldspathic rock. The granite-schist contact may be 
followed from Wagon to Bolin Taung, Kalonta, Chaung, Pa 
Chaung and Sebalon Chaung. The schist, for a width of twelve 
miles, measured from the granite contact, contains many mineral- 
ized zones of considerable extent, with their main axes parallel 
with the contact. The schist is much decomposed in the mineral- 
ized zones and contains numerous quartz veins which are parallel 
to the strike of the schists and which form the source of the 
wolframite. Some veins are also found at right angles to the 
general strike, close to the granite. Generally these later veins 
are of greater and more even thickness than those in the schists 
and where metal-bearing, metallic minerals are more evenly dis- 
tributed. In all of the mineralized zones, much mica generally 
occurs on both walls of the quartz veins and in parallel stringers 
in the schists. The zones vary greatly in thickness as well as in 
-the number and size of the quartz veins that they contain. The 
proportion of quartz to schist in one zone for a width of 15 feet 
was 1:4 and in another for a width of 135 feet 1:27. In the 
case of cross veins, cassiterite has generally been found with 
wolframite or as an impregnation in the quartzite. No distinc- 
tion in general can be drawn between the wolframite and the 
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cassiterite veins as the two minerals are found in the same vein 
in variable quantities and where cassiterite only is found, it is 
generally close to the granite or in veins cutting the granite. 
Evidently the same solutions deposited both cassiterite and 
wolframite. The former from its greater insolubility was prob- 
ably deposited first and at greater depth. Unfortunately, the 
pyritic zone has not been much opened up; in two instances where 
exposed, the rock became hard and required blasting and the 
wolframite decreased so as to be unprofitable. The author thinks 
that the sulphide zone should be exploited as it had not been 
proven that the wolframite gives out in depth and in any case may 
be replaced by cassiterite. The wolframite is generally found in 
sporadic bunches of massive ore; but occasionally more finely 
divided in small crystals and needles. The muscovite sometimes 
encloses crytals of wolframite. A little tourmaline is present in 
the quartz and is more prominent near cassiterite. No fluorspar 
was observed. Cassiterite is generally found in coarse crystals 
adhering to one wall only of the vein. When found in conjunc- 
tion with wolframite each appears to stick to its particular wall. 
In the upper parts of the veins, geodes are frequently lined with 
quartz crystals and a little iron oxide, the latter presumed to give 
evidence of the former existence of wolframite now removed 
by oxidation. 

Griffiths (6) in 1917 speaks of two lodes opened up to the 
sulphide zone, in both of which the percentage of wolframite was 
greater in the oxidized upper portion than below. Pyrite in- 
creased in depth, and chalcopyrite, bismuthine, cassiterite and 
molybdenite were noted in small quantities. 

Griffiths (7) describes the formation at the Kanbauk mine as 
consisting of granite, then a belt of decomposed blue rock con- 
taining WO, from traces up to 1% per cent., and finally a series 
of schists dipping toward the granite. The lodes worked appear 
to be altogether in the sedimentary, in part arenaceous schists, 
and that contrary to the usual occurrences in Lower Burma, the 
mineralized zone, carrying the lodes runs at right angles to the 
strike of the schists. Several minor reverse faults cut the min- 
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eralized zone which can be traced for a length of about 1,500 feet 
and a width of 800 feet. 

Jones (11) describes alterations of tungsten ores as follows: 
In most tropical climates, such as Burma, Siam and the Malay 
States, it is common to find wolframite so weathered that only 
the hydroxides of manganese and iron, or of tungstic acid remain. 
In some cases what is.left of the weathering of wolframite is 
almost a pure manganese mineral; in others it is limonite; and in 
still others no manganese or iron mineral is left, but only the 
greenish-yellow mineral, tungstite, almost as pure as that obtained 
in the laboratory. 

Whether the wolframite is replaced by manganese minerals, 
by iron minerals or by tungstite appears to depend upon the fol- 
lowing: A, The original composition of the wolframite; B, The 
composition of the water acting on the wolframite. 

A. The wolframite, as found in the countries named, is almost 
invariably composed of the huebnerite and ferberite molecules in 
varying proportions. 

B. The water generally has an acid reaction due to decaying 
vegetation and the decomposition of unstable sulphides and 
arsenides. Occasionally it has an alkaline reaction from the 
alteration of feldspar. The presence of manganese or iron in 
solution in the water before it attacks the wolframite appears also 
to be of importance in determining how the wolframite will 
weather. The residue most commonly left by the weathering of 
wolframite in these countries is limonite, but lumps of manganite 
are fairly common. The tungstite generally occurs as a bloom on 
the wolframite, and in the cleavage plans and minute fractures. 

So unstable is wolframite that at the foot of hills in which 
there are veins of that mineral which are being worked, it is the 


exception to find any wolframite in the alluvial deposits, although 


it is common in detrital deposits, and tin ore, obviously derived 
from the lodes carrying wolframite and tin, may be present. 
This is strikingly shown in an alluvial deposit where tin ore is 
being recovered carrying less than 1 per cent. of wolframite, 
although occasional rounded pebbles of quartz are found carry- 
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ing wolframite protected from decomposition by a covering of 
silica. In conclusion the author gives the following analysis of 
a manganese deposit in a wolframite lode, occurring in decom- 
posed phyllite. The manganese deposit occurred as a patch in the 
lode and gave place on both sides to slightly altered wolframite 
assaying over 70 per cent. WQ,. 


ANALYSIS OF MANGANESE Ore BY H. R. PEPPER. 


Jones (9) considers that there is conclusive evidence in Malaya 
and Lower Burma that there were at least two sets of fissures in 
existence prior to the latest phase of the granite intrusion, which 
were first filled with the residual acid magma and in this way 
were formed the numerous pegmatitic and quartz veins of the 
Tavoy district. He (8) speaks of the abundance of tourmaline 
and of topaz in the Malayan region and states that so persistent 
is tourmaline in places that the Chinese call it by a name which 
means “ friend of tin.” 

Dr. Jones (10) presents evidence of the origin of the tungsten 
deposits through the action of mineralizers and water originating 
in the granitic magma; Campbell (3) introduces meteoric waters 
apparently chiefly because the Tavoy veins are mostly quartz 
veins of hydrothermal origin as he thinks, and he does not believe 
a magma can furnish sufficient water to account for their origin. 
Therefore, Dr. Jones’ theory of the origin of tungsten deposits 
is presented rather fully. 

The granitic batholith of this region is probably continuous 
underneath the surface from the Southern Shan States, through 
Tavoy, Mergui to the Malay States and through Johore toward 
Singapore and into the islands of Banca and Billiton. When fis- 
sures had formed in the granite due to cooling, shrinkage and to 
various stresses, the residual more acid magma was intruded into 
them. Numerous fissures also formed in the adjacent mica- 
schists, quartz-schists and phyllites. Mineralizers from the 
magma followed immediately, and often accompanied, the in- 
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trusion of the very acid residual magma. Upon reaching a tem- 
perature zone sufficiently cool, the wolframite, cassiterite, 
molybdenite, bismuthinite, pyrite, arsenopyrite and a host of 
other minerals were deposited. The tungsten and tin ores occur 
where the chilling was greatest, namely chiefly along the walls of 
the fissures. Also the mineralizers to some extent ascended in the 
original magma and deposited tungsten and tin ore as original 
constituents of the first consolidation of the granite. 

The mineralizing gases and solutions, acting as powerful fluxes 
and catalyzer, lowered the temperature of the residual magma. 
Catalysis can, perhaps, offer an explanation of the influence of 
such mineralizers as fluorides, chlorides, borates, tungstates, 
vanadates, etc. These fluxes enabled the magma to be intruded 
into narrow fissures forming quartz and pegmatite veins, some- 
times extending several hundreds yards into the adjacent schists, 
where the cooling effect must have been great. This bears on the 
persistence in depth of wolframite. The former existence of 
mineralizers is shown in Malaya by the abundance of fluorine 
minerals. But in Tavoy these are not common, and the author 
thinks that sulphur (why not arsenic?) may have been an impor- 
tant “carrier” of tungsten and tin ores. 

Wolframite being regarded as a lower temperature mineral 
than cassiterite the author still regards the prevalence of tin over 
tungsten in Malaya as being due to the greater erosion in that 
region, having eroded the tungsten zone, while in Burma with 
less erosion, the higher wolfram zone is in greater evidence. 

Brown (2) in 1917 presents the same evidence as Jones that in 
Tavoy with five months of heavy rains yearly, tungsten minerals 
are rather readily dissolved. They are present in detrital deposits, 
and absent in water deposits (alluvial), although the lodes con- 


tain generally more wolframite than cassiterite. Also, the out- 


crops give evidence of the former presence of wolframite. 
Maxwell-Lefroy (12 and 13) adds little to the geological in- 
formation. He refers to schist at a distance of over 300 feet 
from the surface, so decomposed as to be broken with a pick. He 
also states that cassiterite is frequently found enveloped by 
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wolframite, indicating that the wolframite was deposited after 
the cassiterite. The author states that one vein at the Hpaundaw 
mine was traced down the hill slope for a horizontal distance of 
three fourths of a mile and a vertical depth of 1912 feet, showing 
that persistent veins do occur. 

In discussing this paper, W. H. Trewartha-James noted that 
Dr. Bleeck described a tin lode apparently formed by the re- 
opening of a wolframite lode, showing that the cassiterite was 
deposited after the wolframite. John J. A. Page, in discussing 
the same paper, mentions copper minerals, arsenical pyrites and 
columbite as among the accessories. Page also mentions that 
there is considerable topaz in some of the veins and that in the 
area of the upper tributaries of the Khamaunghla, wolframite 
favored veins in the schists; that cassiterite favored veins in the 
quartzite; and that veins either of quartz or pegmatite in the 
granite usually contained both minerals and mentions having 
traced alluvial cassiterite back to veins which seemed to contain 
no wolframite and alluvial wolframite back to veins poor in 
cassiterite. 

Means (14) describes briefly the geology of the Mawchi tin- 
wolframite mines of the Southern Shan States. The tin-tungsten 
ore occurs in a series of approximately parallel and nearly verti- 
cal quartz veins, 3%4 to 5 feet wide, which are found both in a 
boss of granite and adjacent quartzites. Cassiterite and wolfra- 
mite (or possibly ferberite) are associated with pyrite, a little 
scheelite, arsenopyrite and some tourmaline in a hard quartz 
gangue. 

Campbell (3) in 1919 appears to have made the most thorough 
study of the tin-tungsten veins of the Tavoy district yet made. 
The tin-tungsten ores of Tavoy are found at or near the contact 
of granite and surrounding sedimentary rocks. The author 
claims to have identified wolframite, cassiterite and bismuthite 
(bismuthinite?) as original constituents of the granite magma 
and also has found appreciable quantities of wolframite and cas- 
siterite in aplite dikes. Greisen occurs on the walls of the veins 
carrying wolframite or tin and this greisen carries wolframite. 
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cassiterite and various sulphides. The granite magma is con- 
sidered the source of all the ores. The veins in Tavoy are mere 
cracks or fissures in the sedimentary rocks filled with quartz with 
or without feldspar or mica, through which the valuable minerals 
are distributed in a more or less erratic manner. The most 
marked peculiarity of the veins is that they occur in groups 
parallel and close to one another, often very numerous, very nar- 
row and frequently of limited length. There is often a second 
series of veins intersecting the first series. Many of the veins 
diminish in both width and value as they go down. The longest 
vein yet known extends for several miles from the vicinity of 
Yewaing, practically parallel to the axis of the granite ridge. It 
is one of the oldest in the district, has undergone several re- 
openings and contains tungsten, iron, copper, lead and zinc. 
When a number of parallel veins occur close together, wol- 
fram or tin is usually present in greater or less quantity. The 
granite magma is regarded as a liquid compound largely of silica, 
with smaller amounts of alumina, alkaline oxides, magnesia, lime, 
ferrous and manganous oxides; also traces of tungsten, tin, sul- 
phur, carbon, fluorine and boron. After the crystallization of the 
main components, feldspar, mica and biotite, the left-over mother 
liquor must have consisted principally of silica and water with 
some alkalies, lime, alumina, iron and manganese with all the sul- 
phur and ore-metal radicals as well as fluorine and boron, the last 
two present in very small amount. The author concludes that 
neither pneumatolysis nor magmatic filling can account for the 
veins and appeals to surface water, which he thinks reached the 
magma through fissures at certain points, increasing its fluidity 
locally and greatly increasing the solvent power of the magma, 
thereby taking the ore minerals into solution and causing a segre- 
gation of them from the magma. The more aqueous portions of 
the magma would remain liquid after the bulk of it had com- 
menced to solidify at the contact with overlying rocks. Absorp- 
tion of water continued until the pressure was so high that the 
overlying strata were burst upward and pressure thus relieved. 
This would cause the formation of fractures and could take place 
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only immediately above the liquid aqueous part of the magma, 
and thus the origin of .the numerous parallel veins in circum- 
scribed areas is accounted for. Unless some solvent process was 
operative just before the solidification of the granite magma and 
one that brought the ore minerals from below upward, how can 
we explain the existence near the surface of the granite, of a 
layer, in some places over 50 feet in thickness, in which cassiterite 
and wolframite are uniformly distributed throughout the rock. 
Such occurrences are not uncommon. The granite weathers 
rapidly and may be worked by ground sluicing. There are con- 
siderable areas containing from one to two pounds per cubic 
yard of such material. 

Referring to the pneumatolytic theory, the author states that 
when chlorine, fluorine and boron compounds are found in veins 
in adequate quantity, the pneumatolytic theory is credible as an 
explanation of the origin of the veins, but asks what are we to do 
with the Tavoy veins that show practically no chlorides, little 
fluoride and ever a crystal of tourmaline. There would appear 
here to be a conflict of testimony for Bleeck and Griffiths found 
tourmaline in the veins, the former finding it universally present 
in microscopic crystals and the author himself postulates boron as 
a constituent of the magma. Moreover, J. Coggin Brown (2) 
inspector of mines of the region, testifies to the presence of 
tourmaline in Tavoy, and Means observed tourmaline in the 
Mawchi deposits in Upper Burma; also Scrivenor (16) and 
others indicate that it is very abundant in the adjoining Malay 
States. It may also be noted that topaz, a fluorine silicate, is 
stated by Page (Discussion of 13) to occur in considerable 
amounts in some of the Tavoy veins. 

The author quotes Lindgren as stating that tin may be deposited 
at ordinary pressures by thermal waters and refers to Verbach, 
who describes a hot spring in Malacca which deposits a siliceous 
sinter containing tin. The author concludes that in Tavoy hot 
water was the vehicle that transported the tin from the granitic 
magma. Also that with wolfram the case is even simpler, since 




















LITERATURE ON TUNGSTEN DEPOSITS OF BURMA. 635 


silico-tungstic acid (SiO,-4H,O-12W0O;) is readily soluble in 
water. 

The veins in the Tavoy district are highly siliceous and may be 
divided into quartz veins and pegmatite veins. No definite line 
separates the two. All contain quartz and with few, if any, ex- 
ceptions, mica, but not of the kind (biotite) found in the granite. 

Paragenesis of the V ein Minerals—Referring to the statement 
by Dr. Jones (9 and 10) that wolframite is a lower temperature 
mineral than cassiterite and exhibiting a specimen showing cas- 
siterite deposited on wolframite as an exception, the author states 
that he has examined the mixed tin-wolfram ores from most of 
the mines of the district and that in the vast majority of cases 
there is no doubt that the wolframite was deposited before the 
cassiterite; that he has seen hundreds of examples of cassiterite 
filling spaces between wolframite crystals, enclosing wolframite 
and carrying impressions of its striations, several where cassit- 
erite has filled cracks in wolframite and two excellent examples 
of tin-ore crystals actually formed on surfaces of wolframite, and 
apparently knows of no instance where the wolframite is the 
later mineral. Consequently the author warns the mining public 
that it is hopeless to expect to find a tin-zone below the tungsten 
zone in the Tavoy veins. Moreover, the author finds that the tin- 
tungsten content of the veins decreases going down from the 
granite-schist contact. The succession of the various minerals is 
as follows; in the order named, the first being the first deposited : 
Molybdenite, wolframite followed by scheelite in some cases and 
by cassiterite in others, then bismuth and bismuthinite, chalcopy- 
rite and arsenopyrite, galena and blende. This order is based on 
examinations of polished sections. 

Scheelite is more common than at first supposed. It sometimes 
develops in veins simultaneously with quartz, the two together 
filling spaces between crystals of wolframite. Sometimes it de- 
velops later, surrounding well-developed crystals of quartz. Sec- 
ondary scheelite is not at all uncommon, being the result of the 
action of certain solutions on wolframite. Sometimes it forms 
pseudomorphs after wolframite from which it was derived. 
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Molybdenite occurs in non-commercial amounts in many veins. 
It appears to be characteristic of the zone at or below the bottom 
of the wolframite zone. Molybdenite is readily oxidized forming 
molybdite and free sulphur. 

Bismuth is known in the native form in only two or three parts 
of the district. The sulphide, bismuthinite, is somewhat more 
widely distributed. It occurs in the same veins with wolframite, 
cassiterite and molybdenite, often in contact with the two former, 
and also associated with them as a primary mineral in granite. 
Bismuthinite when exposed to air oxidizes to a pale yellow basic 
carbonate, bismutite. 

The various sulphides, chalcopyrite, arsenopyrite, pyrite, 
pyrrhotite, galena and blende are not of economic importance in 
the Tavoy district. Pyrite is ubiquitous. Pyrrhotite alters to 
pyrite, a somewhat peculiar change. Such pyrite is found only 
between the bottom of the oxidized zone and the surface of the 
unoxidized sulphide zone and is always associated with galena 
and blende. Pyrrhotite has been observed in only a few areas 
and its porosity renders it susceptible to further oxidation, which 
sometimes takes place very rapidly and in ordinary dry air. 
Arsenopyrite is found in small quantity in a few veins, and is 
usually not intimately associated with wolframite. 

Magnetite is found in veins in large quantity in some localities, 
as well as other iron ores. Theauthor does not indicate that these 
oxides are associated with the tungsten deposits. 

Decomposition of Wolframite——The rapidity of decomposi- 
tion of a solid substance depends to a great extent upon the ratio 
of exposed surface to mass. Wolframite in most of its forms 
breaks up readily along its cleavage planes, giving easy access to 
solvent solutions. Wolframite is a ferrous-manganous tungstate, 
the iron and manganese in it existing in a condition prone to take 
up more oxygen, thus causing the breaking up of the mineral. 
Since ferrous and manganese compounds act so similarly, it will 
save much repetition if we regard wolframite as a ferrous 
tungstate. We shall therefore take iron throughout this argu- 
ment to include manganese. There is no mineral containing the 
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basic radical ferrous oxide in any quantity which can withstand 
for a prolonged period the action of atmospheric oxygen and 
water; all sooner or later break up, the iron forming ferric 
hydrate. 

Acid decomposition takes place when certain acids come in con- 
tact with wolframite; they break up the union of its radicals, 
taking away iron and leaving tungstic oxide. The bulk of the 
ground water in the tropics does not contain free oxygen on ac- 
count of the large amount of vegetable matter in solution, but 
rain water contains much free oxygen. Such waters, coming into 
contact with the pyrite of the veins, converts the sulphur into 
sulphuric acid, which slowly dissolves one or the other of the 
wolframite radicals. The acid decomposition of wolframite takes 
place most readily in cases where wolframite and pyrite are in 
close association ; this is the type of deposit that yields the largest 
masses of tungstite. 

Alkaline decomposition takes place when strong alkalies act on 
the radicals combining with the tungstic oxide. Ground water 
always contains alkaline carbonates as well as free carbonic acid, 
which combine with the tungstic oxide, and is thought to take 
place in detrital deposits deep below water level. The alkaline 
carbonates dissolve out the tungstic oxide from the wolfram 
series. If out of contact with oxygen, the excess of carbonic 
acid combines with iron, manganese, and in the case of scheelite, 
with calcium, forming soluble bicarbonates and thus both wol- 
framite radicals go away in solution and the tungsten entirely 
disappears. These processes of dissolution are extremely slow 
in nature, but the agents mentioned, although useless for dissolv- 
ing tungsten in the laboratory, when given the necessary time, do 
their work just as completely as the most powerful reagents the 
chemist can apply. 

Appended to Mr. Campbell’s paper are some remarks by J. 
Coggin Brown, Chief Inspector of the Mines of Burma. Mr. 
Brown did not see the necessity of introducing meteoric waters to 
account for the necessary quantity of water to form mineral solu- 


2 Note that Gannett (4) found that carbonates were not solvents of tungsten. 
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tions, since it was known that the granitic magmas contain much 
water. He also thought that pneumatolytic action contributed to 
the formation of the veins, suggesting that sulphur and arsenic 
might take the place of boron and fluorine as mineralizers. The 
pegmatitic origin of some of the veins was indisputable, and as 
there was field evidence of the pegmatites passing into the ordi- 
nary quartz veins, the latter may be considered as a final hydro- 
thermal phase of the pegmatites. Some lodes in Tavoy were 
regarded as quartz-mica-sulphide-wolframite-cassiterite-pegma- 
tites; some in Mergui and Thaton as quartz-mica-tourmaline- 
pegmatites ; and according to Mr. Heron, his colleague, the Byingi 
lodes in the Yamethin district are quartz-mica-beryl-pegmatites 
carrying wolframite. There is thus further evidence in the gen- 
eral district of the presence of mineralizers at the time of the 
formation of the veins, Mergui, where the lodes contain boron, 
being in Burma not far south of Tavoy, and Thaton, where there 
is tourmaline, and Yamethin, with beryllium in the veins, being 
in the southern part of Upper Burma to the north. While beryl- 
lium may not have generally been recognized as a mineralizer its 
associations are certainly with mineralizers and not with ordinary 
hydrothermal agents. The universal presence of columbium (in 
columbite) is further evidence of the same order. On the latter 
basis, Rastall classes the Burma deposits with those of Etta Knob, 
South Dakota. 

In reference to the article by J. Morrow Campbell, it should be 
noted that this was presented as a lecture at Tavoy and not writ- 
ten up for publication in.a scientific periodical. It is evident that 
Mr. Campbell has accumulated a lot of data which should serve 
as a basis of a paper accompanied with the necessary detailed 
descriptions of thin sections, polished surfaces and ore specimens. 
It would be of much value as a contribution to our knowledge of 
this class of ore deposits and it is to be hoped that Mr. Campbell 
will find time to prepare such a paper in the near future. 

Gannett (4) has made some interesting chemical tests on the 
solubility of tungsten ores, which bear directly on the discussion 
by Campbell on the same subject. But since that paper appeared 













































LITERATURE ON TUNGSTEN DEPOSITS OF BURMA. 639 


in this journal, it is unnecessary more than to refer to some of 
the results, in part not confirmatory of those of Campbell and 
others, and to note his general conclusions: 

1. Carbonate solutions had no apparent effect on any of the 
tungsten minerals. 

2. Alkali hydroxide solutions had no effect on scheelite, but 
dissolved tungsten from wolframite. 

4. Sulphuric acid alone, and in combination with sulphates of 
lime, soda, manganese and ferrous iron, dissolved portions of all 
thé minerals. 

5. Hydrochloric acid alone, and in combination with chlorides 
of lime, soda and manganese, had a solvent effect on the minerals. 

1i. Humic acids are inactive. 

13. Except by sodium hydroxide, scheelite is more readily at- 
tacked than ferberite or wolframite. 

In regard to the possible secondary enrichment of tungsten de- 
posits, Mr. Gannett concludes that tungsten minerals dissolve 
rather readily, and form soluble salts or colloidal compounds that 
may remove the tungsten from the outcrop. The tungsten may 
be leached from its ore bodies without being deposited below. 
The facility with which tungsten compounds in solution will 
hydrolize and form insoluble compounds, tends to prevent down- 
ward migration of the tungsten, and there are probably no exten- 
sive zones of enriched ores like those of copper and silver. In 
general, secondary tungsten ores are huebnerite and wolframite, 
rather than scheelite. 














EDITORIAL 


WHY ORE IS WHERE IT IS. 


The old saying—that gold is where you find it—implied that 
theory and knowledge were of no value in the search for ore and 
that its presence could be made known only by actually finding it. 
The idea is still maintained by many, particularly by the practical 
mining man. However, it is being continually demonstrated by 
the economic geologist or mining geologist, that not only is ore 
where you find it, but in considerable part its discovery depends 
on where and under what conditions search is made for it. As 
our previous conception of the percentage of copper or of iron 
necessary to constitute ores of those metals has changed, due to 
added knowledge of treatment of ores, so our conception of why 
ore is where it is has changed with increased geologic knowledge 
supplied by field and laboratory work. The old adage must now 
be discarced and give rise to intelligently directed search, based 
on geologic principles, whether for increasing ore reserves in re- 
gions already being exploited or for mineral in new regions. The 
research work of our universities and of the government and 
endowed laboratories, and the field work of our geological sur- 
veys and independent geologists, has produced a host of valuable 
data which gives greater probability of reward for intelligently 
directed search for ore or oil based on an understanding of geol- 
ogy. The economic geologist who avails himself of all phases of 
this knowledge is enabled to decipher more readily why a par- 
ticular ore is where it is. 

Ore is where it is, not purely by chance, but by the result 
of definite processes which operated under certain conditions 
within the crust of the earth. The economic geologist is like a 
detective in that he must search for clues and diagnose these 
processes which gave rise to a certain deposit. For example: Is 
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a certain ore deposit located in a particular place because of a pre- 
existing fissure, or a certain favorable rock formation, or its prox- 
imity to an igneous intrusion, or to a combination of all of them? 
Economic geology is not an exact science like mathematics. yet 
there are certain fundamental principles which underlie the for- 
mation of most ore deposits. No two ore deposits are alike in 
all respects, but with a knowledge of the principles and processes 
of ore deposition, one is in a better position to ferret out the 
problems of the particular ore body. 

Such a knowledge of principles and processes is required to 
answer scientifically the question of why ore is where it is. 

The answer involves, among other things, a knowledge of the 
different processes which result originally in the concentration of 
minerals or mineral products which may be valuable; of the 
source of the materials and the agents of transportation; of the 
shapes and distribution of preéxisting cavities and their control 
over ore bodies; of the shapes and characteristics of ore bodies 
formed by making their own cavities; the effect of the host rock; 
the action and results of secondary processes, and the tale that 
may be unfolded by the minerals that make up the deposit. The 
final careful answer to the question tells most that need be known 
of the deposit. The answer, in turn, often enables similar places 
where similar conditions exist, and where similar processes oper- 
ated to be determined, and search for more ore to be directed ac- 
cordingly. For example, should it be found that an ore body orig- 
inated by solutions given off from a nearby intrusive, that fissures 
of a certain system acted as channelways for the solutions, and 
that where the fissures intersected certain beds of limestone, re- 
placement ore bodies resulted, then if the same congenial bed of 
limestone be formed, and fissures of the same age be recognized 


. and projected to cut the bed, the intersection of the two may bea 


locus for ore. Exploration may then be directed to that place 
with the reasonable expectation of the search resulting in the 
finding of more ore. This is one phase of the work of the trained 
economic geologist. 

While the above example applies to the search for more ore in 
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districts already partly developed, the answers to why ore is where 
it is, gained from a number of places may also be applied to unde- 
veloped districts. It is a generally accepted fact that most ore 
deposits susceptible to relatively easy discovery have already been 
found. Most regions have now been at least superficially pros- 
pected. The incentive for prospecting on the part of the old-time 
prospector is not as great as it used to be. Much credit is due to 
him for bringing to light a large number of ore deposits, and his 
passing is much lamented. This, coupled with the fact that more 
attention is directed to the exploitation of large low-grade de- 
posits, and that in the acquisition of new properties, investing 
capital now gives more weight than heretofore to the expected 
possibilities of prospects, requires for the discovery and develop- 
ment of more mineralized regions that there should be enlisted 
all the knowledge and experience gained by economic geologists. 
The old prospector was a self trained man and more often not 
trained at all, but the economic geologist has his own training 
gained from answers as to why ore is where it is. In addition he 
has the advantage of the experience of the prospectors, and of 
other countless trained men who have contributed their knowledge 
to the science. . 

With the decreasing chances of discoveries by prospectors, and 
the consequent waning incentive for them to prospect, has not the 
economic geologist an opportunity to increase the world’s mineral 
reserves by supplementing, or even supplanting, the work of the 
old time prospector? His field may be not only to examine and 
report upon the prospects found by the prospector, but specifically 
to direct the prospector in his search for new mineral areas, and 
to guide and advise him about his discoveries. 

The old saying “ Where ore is, there it is,’ may then fade 
into historic interest in the light of the application of the geolo- 
gist’s answers to why ore is where it is. 
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DISCUSSION 


This department has been established by the editors in order to afford tc 
those interested in questions relating to economic geology an opportunity for 
informal discussion. Contributions are cordially invited either in the form 
of discussion of more formal papers appearing in earlier numbers or bearing 
upon matters not previously treated. Letters should be directed to the Editor, 
Sheffield Scientific School of Yale University, New Haven, Conn. The full 
name of the author should be attached to all communications. 


THE GULF COAST SALT DOMES. 


Sir: On page 456 of your issue of September, 1918, Mr. G. 
Sherburne Rogers makes the assertion that I attributed the origin 
of the coast salt domes of Texas to “ pressure of ascending arte- 
sian waters” and refers as authority to page 263 of a paper of 
mine, entitled “The Beaumont Oil Fields,” published in the Jour- 
nal of the Franklin Institute, volume 154, 1902, which, I may also 
add, simultaneously appeared in Transaction of the American In- 
stitute of Mining Engineers. Knowing, however, that I never 
intentionally made the assertion alluded to, I have re-read the 
separate of the paper which I have before me now, with painstak- 
ing care and have failed to find therein anything whatsoever 
which justifies the attribution to me of such a theory. 

On the other hand, I find that the one and only conspicuous 
theory set forth in that paper and one which Mr. Rogers fails to 
report, pertains not to the structure but to the probable origin of 
the oil and is to the effect that the salt and associaed minera's 
were probably secondary deposits derived from ascending hot ar- 
tesian waters along fissures. This hypothesis is one which I at 
that time considered original. It was stated as follows: 

The writer has in mind an hypothesis, not hitherto advanced, so far 
as he is aware, which codrdinates Captain Lucas’s data and explains 
that which he omitted—the source and distribution of the oil salt islands, 
sulphur, sulphuretted hydrogen gas, and dolomite. The hypothesis is 
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offered with hesitation, not as a final explanation, but in the hope that it 
may be reached... . 

The hypothesis is as follows: The oil and salt-pockets of the Texas 
Coastal Plain are probably not indigenous to the strata in which they are 
found, but are the resultant products of columns of hot saline waters 
which have ascended, under hydrostatic pressure, at points along lines 
of structural weakness, through thousands of feet of shale, sand, and 
marine littoral sediments of the Coastal Plain Section, through which 
oil and sand are disseminated in more or less minute quantities. The 
oil, with sulphur, may have been floated upward on these waters, and 
the salt and dolomite may have been crystallized from the saturated 
solution. 

The channels of these ascending waters may have been in places of 
structural weakness, such as fissures, which probably at one time con- 
tinued to the surface, but may have been sealed by the deposition of the 
later overlapping strata now capping the oil-pools. Such features, when 
occurring under gentle anticlines, may explain the collection of oil be- 
neath the surface in pools. 


However poor this hypothesis of the origin of the oil may have 
been at the time of its publication, it was in advance of and en- 
tirely different from any previously published, and with the excep- 
tion of Kennedy’s theory that the oil is indigenous to the nearby 
and associated Frio or Fleming clays, it is still the chief one 
worthy of consideration. It makes no attempt to explain the 
doming, however, concerning which there are many theories. 

Mr. Rogers also omitted any reference to me as the author of 
the theory which “ postulates the deposition of the salt from ar- 
tesian waters ascending along lines of weakness” and which 
“are probable the most widely accepted among geologists today,” 
but, upon page 459 of his article, he attributes it to Prof. Gilbert 
D. Harris, who adopted it in 1909. At the time of the publication 
of my paper, 1902, and probably for some time later Harris’ writ- 
ings attributed the origin of these salt bodies to lagoonal deposits 
in the old Cretaceous seas, and it was not until many years after 
the publication above cited that he adopted the ascensional theory 
and amplified it by his concept that the dome structure proper may 
have originated through salt crystallization. 


Rosert T. Hit. 
DaALLas, TEXAS. 
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The Potash Deposits of the Punjab Salt Range and Kohat and Sugges- 
tions Regarding the Origin and History of the Rock Salt Deposits of 
the Punjab and Kohat. By Murray Stuart, D.Sc. Records Geo- 
logical survey of India, Vol. L., Part I., pp. 28-29, 1919. 


The salt deposits described cover an extensive area in the Province of 
Punjab, extending eastward from the Waziristan frontier, a distance of 
some 200 miles. They are much folded and tilted and outcrop in many 
places. Two separate deposits—one in the Kohat district and one farther 
east along the Punjab Salt Range—have hitherto been considered to 
belong to two widely separated geologic periods. The Punjab salt was 
regarded as pre-Cambrian and the Kohat salt as Tertiary. The Kohat 
salt is gray and schistose. Foliation is greatest on the western edge and 
gradually diminishes eastward. The Punjab salt is red and banded. 
Foliation is much less pronounced than in the Kohat district. 

In testing an outcrop or an exposure in a mine, for potash, a sample 
was collected from every band of salt or at intervals of one foot where 
the bands were thick. Representative material was obtained by removing 
the weathered surface and taking the sample from six inches inside per- 
fectly fresh salt. The Nurpur mine was examined more thoroughly by 
drilling holes every ten feet in the walls of drifts and collecting samples 
every six inches in the drill holes. The materials thus collected were 
tested for potash by dissolving a measured quantity of the pulverized 
sample in a fixed quantity of water and treating the resulting solution 
with perchloric acid, which produced a white precipitate of potassium 
perchlorate when potassium was present. By using graduated precipita- 
tion tubes and comparing the volume of the precipitate with that pro- 
duced by known quantities of potassium chloride, approximately quantita- 
tive determinations were made. 

The results of this examination show that no potassium salts and no 
magnesium are present in the salt deposits at Bahadur Khel, Karak, 
Guruza, Malgin, Jatta or in the intervening outcrops in the Kohat dis- 
trict ; that small quantities of both potassium and magnesium are present 
at Nandrakka, which lies in the Kohat district nearest the Punjab salt 
area; and that the Kalabagh mine, the Nurpur mine, the Warcha mine, 
and the Mayo mine at Khewra in the Punjab salt area contain irregular 
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and discontinuous seams, rich in potash and magnesium, many of the 
tests showing 15 per cent. or more of potash. At the same time most of 
the samples from the Punjab salt area, including the many samples col- 
lected in the Nilawan Ravine, gave negative tests for potash. On the 
whole, the evidence points to the conclusion that no continuous beds of 
potash will be found in the Punjab Salt Range or in the Kohat district. 
It appears probable therefore that potash will not be produced from these 
deposits except possibly as a byproduct in mining salt. 

Study of the deposits shows that the salt in the Kohat district is over- 
lain by gypsum and Tertiary rocks, is schistose, contains iron sulphide 
widely disseminated through interbedded clay, and is free from potassium 
and magnesium salts; that the salt in the Punjab salt area usually lies 
below the Purple Sandstone of Cambrian age, occurs in a red marl which 
forms a brecciated juncture with the overlying Purple Sandstone, is 
banded and contains irregular seams rich in potash and magnesium; that 
the salt in the exposures at Naudrakka is intermediate in type between 
the Kohat and Punjab salt; and that gypsum is now being formed as a 
contact mineral. The simplest interpretation of the evidence seems to be 
that the salt in the two districts belongs to the same formation of pre- 
Cambrian age; that the sedimentary rocks overlying the salt were 
brought into place by an overthrust along the plane of which gypsum 
was formed as a contact mineral; and that the salt was originally de- 
posited from an evaporating saline solution in zones somewhat as the 
deposits at Stassfurt were laid down. The different types of salt repre- 
sent portions of different zones, more or less modified. Thus the Kohat 
salt zone corresponds to the anhydrite zone of Stassfurt, the Kalabagh 
salt zone to something between the anhydrite and polyhalite zones, the 
Warcha salt zone to something between the polyhalite and Kieserite 
zones, and the Khewra salt zone to something between the Kieserite 
and Camallite zones. 

The papers are rather diffusely written and abound in repetitions, 
but the search for potash appears to have been systematically conducted 
and the conclusions to be well-founded. The hypothesis for the origin 
of the deposits appears to offer a satisfactory explanation of relations 
that have hitherto been perplexing. 

W. B. Hicks. 


SCIENTIFIC NOTES AND NEWS' 


W. W. LytzeEn, formerly geologist to the Interstate-Callahan 


Co., is now manager for the Big Ledge Copper Co., at Juron, 
Arizona. 


FRANK C. Lorin, of Toronto, has been in London recently. 


R. G. HALL, manager for the Burma Mines, has been in Lon- 
don, and is now returning to Burma. 


R. E. Hore has resigned as editor of the Canadian Mining 
Journal, and is succeeded by F. W. Gray. 


FRANK C, Lorin is at present in London. 


CHARLES WILL Wricut has gone to Rome, where he will open 
an office as consulting engineer. 


SIDNEY J. JENNINGS has been inspecting the Carson Hill mines 
in Calaveras County, California. 


Morton WEBBER has been engaged in examination work at 
Globe, Arizona. He is now at the Empire Copper Mine, at 
Mackay, Idaho, in his capacity of consulting engineer. 


THE NATIONAL GOLD CONFERENCE met in conjunction with 
the American Mining Congress at St. Louis, November 17-21, 
to discuss problems confronting the gold industry and to suggest 
a legislative program. 


THE SOUTHERN GEOLOGICAL SOCIETY was organized on No- 
‘vember 8 as a regional! organization to provide bi-monthly sec- 
tional meetings of geologists throughout the Southwest, for the 

* Geologists, mining engineers and others interested in applied geology are 
invited to keep the editor informed of new investigations of mining districts 


or scientific studies undertaken by them, together with such other scientific 
and personal items as may come to their notice. 
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promotion of fellowship and codperation, and the exchange of 
scientific data and views. Publications will consist only of brief 
extracts. The membership will be drawn from those engaged in 
geology in the Southwest. The officers are: President, Myron L.. 
Fuller ; Vice-Presidents, Wm. Kennedy and Wallace Pratt; secre- 
tary, E. W. Shuler; Treasurer, R. B. Whitehead ; Council, Robert 
T. Hill, H. P. Bybee, J. A. Udden, W. E. Wrather, and Chester 
A. Hamil. Geologists of the Southwest are invited to send appli- 
cations for membership to the secretary, Southern Methodist Uni- 
versity, Dallas, Texas. 

THE NATIONAL ACADEMY OF SCIENCES held their annual meet- 
ing at Yale University, New Haven, Conn., November 10-12, at 
which geological papers were read by Reginald A. Daly and W. 
A. Davis. 

C. K. Letru, chairman of the Geological Department, Uni- 
versity of Wisconsin, has been appointed by the National Cham- 
bers of Commerce a member of the Metals Committee to meet 
and confer with foreign members of the International Trade 
Conference, at Atlantic City, the latter part of October. 


Rogsert H. Woop Aanp Vircit O- Woop announce the forma- 
tion of the firm of Wood & Wood for the practice of general 
petroleum geology with offices at 516 New Daniels Bldg., Tulsa, 
Okla. 


M. Y. WILLIAMS, of the Geological Survey of Canada, is teach- 
ing paleontology at Queens University, Kingston, Ontario, for 
the first half year. 


Epwarp W. BERRy AND JOSEPH T. SINGEWALD, Jr., of the De- 
partment of Geology, Johns Hopkins University, have returned 
from a six months’ trip to Peru, Bolivia and Chile. The trip was 
made through the George Huntington Williams Memorial fund. 


ALFRED H. Brooks AND G. C. Martin, of the Alaskan Branch 
of the U. S. Survey, have returned to Washington. 
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J. B. TENNeEy, for many years geologist for the Phelps Dodge 
Corporation at Bisbee, Arizona, has opened an office at Bisbee to 
carry on consulting work in mining geology. 


CHARLES H. WHITE is in Arizona, and will not return to San 
Francisco until December. 


Oar P. JENKINs has resigned from the Arizona Bureau of 
Mines and is now geologist to the Sinclair Consolidated Oil 
Corporation. 


G. B. Lyman, of the Copper Queen geological office, has 
started a class in practical geology, in connection with the educa- 
tional classes offered by the company to its employees. 


D. R. SEmMEs has taken charge of the Department of Geology 
of the University of Alabama, succeeding Dr. William F. Prouty, 
who recently resigned to enter the Department of Geology at the 
University of North Carolina. Dr. Semmes’ oil work will be 
continued in conjunction with his associate, Dr. J. S. Grasty, with 
offices at Fort Worth, Texas. 


Grorce W. Lucas, of the Engineering Department of the 
Roxana Petroleum Co., has been transferred from Tulsa to St. 
Louis. 


Victor C. HEIKEs AND B. S. BuTLER, of the U. S. Geological 
Survey, were recently at the Tintic Standard mine in East Tintic 
district, Utah. 


H. F. Barn is in the Malay States, inspecting alluvial tin mines. 


EZEQUIEL ORDONEZ has opened an office as consulting mining 
geologist and engineer at Room 24, Isabel la Catolica 25, Mexico 
City. 

Sipney H. Batt has been made a Chevalier of the Belgian 
Order of the Lion, in recognition of his work in developing the 
mining industry of the Belgian Congo. 


E. W. SHaw has recently returned to the United States and 
is at present again on the U. S. Geological Survey. 
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WItLetr G. MILLER has returned to Toronto from London. 


J. MacxintosH BELL has opened a consulting office in 
Toronto. 


W. H. GoopcuiLp has gone to South Africa. 
MAtLcotm MACLAREN has returned to London from Bucharest. 


A. McIntosu Rtep has been appointed Assistant Government 
Geologist for Tasmania. 


THe GEeEoLocicaAL Society oF AMERICA will hold its 32d 
annual meeting in Boston, December 29 to 31, with headquarters 
at the Copley Square Hotel. 


THE WEstT VIRGINIA GEOLOGICAL SuRVEY has just published: 
“Detailed Report on Fayette County,” by Ray V. Hennen. The 
volume contains 1,002 pages, 24 plates, 24 figures and topo- 
graphic and geologic sheets of the area. The New River or 
Smokeless coals of the area are considered in detail. Price, with 
maps, $3.25. Extra topographic sheets 75 cents geologic map 
$1.00. West Virginia Geological Survey, Box 848, Morgan- 
town, W. Va. 

bee eS] 


Louis VALENTINE Pierson, professor of physical geology in 
Yale University, died at his home in New Haven, Conn., on 
December 8. 

POs 


Economic GEOLOGy regrets the necessity of raising its sub- 
scription price from $3.50 to $4.00 per year, commencing with 
No. 1 of Volume XV., January, 1920. This action was deferred 
as long as possible in the hope that the necessity for it could be 
avoided, but, as with similar journals, the increasing costs of 
publication have made it compulsory. New paper and print- 
ing contracts have increased that part of the publication by 
more than 40 per cent. The Journal asks the tolerance of its 
subscribers in this step and hopes that it may count on them for 
cooperation by continuing their subscriptions. 


INDEX TO VOLUME XIV. 


[Note.—In this index the titles of principal papers and the headings of 
departments, as Discussion, are in italics.] 
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Ball, L. C., abstract of paper by, 271 

Ball oil well, Texas, 122 
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Barite, 582, 507; as a gangue min- 
eral, 62; concentration by weather- 
ing, 56; disseminated deposits, 54; 
mode of occurrence, 52, 62; origin, 
58; production of, 46; residual de- 
posits, 55; sink hole or cave de- 
posits, 54 

Barite deposits of Missouri (Tarr), 
46; review of, 267 

Barite deposits, of the United States, 
66; origin, 568 

Barium, percentage in igneous rocks, 
59; in sedimentary rocks, 58 

Barium salts, solubility, 59 

Basal phases of the Duluth gabbro 
near Gabamichigami Lake, Minne- 
sota, and its contact effects (Ne- 
bel), 367 

Bastin, E. S., on origin of chalcocite 
in Evergreen ores, 479 

Bastin, E. S., and Hill, J. M., on the 
Evergreen copper mine, 466 

Bayley, W. S., note on paper by 
Nebel, 367; on basic rocks of Lake 
Superior region, 371 

Beach phenomena, 307 

Beans on Florida coast, 321 

Becke, E., on myrmekite, 388 

Becker, G. F., on fracturing of rocks, 
21 

Belemnitella americana, 560 

Bench and channel, on Florida sea- 
beach, 317 

Bend series, central Texas, 106 

Bend shale, lower, 108 

Bend uplift, central Texas, 120 

Bendigo quartz veins, 430 

Beryllium, 638 

Bibliography of the occurrence, geol- 
ogy and mining of manganese, 
with some references on tts metal- 
lurgy and uses (Wheeler), 245 

Bibliography, Chafiarcillo district, 
Chile, 45; tendencies in the study 
of ore deposits, 553 

Big Cottonwood district, Utah, ore 

_ deposits, 172 

Bismuthinite, 636 
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Biwabik iron-bearing formation, east 
Mesabi district, Minnesota, Detail 
stratigraphy of the (Broderick), 

I 


44 

Biwabik iron-bearing formation of 
the Mesabi range, Minnesota, The 
nature and origin of the (Grout), 


452 

Black Lime formation, Texas, 107 

Blackwelder, Eliot, on faulting in the 
Wasatch Range, 172 

Bleeck, A. W. G., on tungsten de- 
posits, 626 

Bliss, Eleanora F., Some problems of 
international readjustment of min- 
eral supplies as indicated in recent 
foreign literature, 147-171 

Bocano limestone, Chile, 15 

Bolaco Viejo mine, Chile, 3 

Boring record, Melbourne, Florida, 
304 

Bornite, 407, 471 

Boutwell, J. M., on faulting in the 
Wasatch Range, 172 

Boyle, A. C., Jr., on the origin of 
anhydrite, 584 

Braden copper deposits, mineraliza- 
tion, 58 

Bradley, 
349 

Branner, J. C.. on the diamond dis- 
trict of Bahia, 220 

Brashear oil well, Texas, 97, 115 

Brecciation, produced by overthrust 
faulting, 174 

Breckenridge oil pool, Texas, 98 

Brewer oil well, Texas, 97 

Briey district, 160 

Broderick, T. M., Detail stratigraphy 
of the Biwabik iron-bearing for- 
mation, East Mesabi district, Min- 
nesota, 441-451; Some of the rela- 
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Brown, J. C., on solubility of tung- 
sten minerals, 77, 631 
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Burgess, J. A., on halogen salts of 
silver at Wonder, Nevada, 428 
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mineralization in the San Fran- 
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occurrence of alunite, 586 

Butler, G. M., review of book by, 89 


Caboclo shale, 225, 242 i 
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I 

Caddo oil field, Texas, 98 

Cambrian in Missouri, 48 
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Texas, 108 

Campbell, J. M., on origin of tung- 
sten deposits, 626 

Candelaria mine, Chile, 3 

Canyon formation, Texas, 105, 127 

Cape Canaveral, Florida, 303 

Caracolas silver district, Chile, 4 

Carbon ratio, fixed, relation to oil 
accumlations, 

Carbon ratios of coal, 537 

Carbonaceous matter in Nonesuch 
copper ores, 326 

Cariboo district, gold production, 
336; placer mines, 335 

Cariboo schists, 337 

Cartel system of Germany, 150 

Cassiterite, 628 

Castoro, N., on the production of col- 
loid metals, 329 

Cave barite deposits, 54 

Cawyer well, Texas, 124 

Celestite, 586 

Chalcopyrite, 407, 471, 473 

Challacollo silver district, Chile, 4 

Chalmerite, 400 

Chafiaral formation, Chile, 6 

Chafiarcillo district, Chile, 2, 12 

Chafiarcillo formation, 7, 12, 16 

Chapada Diamantina of Bahia, geo- 
logic column, 241 
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gases from Halemaumau, 
granite, 385; halides of silver, 
Chafiarcillo, Chile, 40; magnetic 
iron ore, 527; manganese ore, 630; 
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Chafiarcillo, Chile, 39 
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Cheney, M. G., on oil fields of cen- 
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Chert, 50 

Chert nodules in magnetite deposits, 
462 

Cherty beds of Biwabik formation, 
445, 447 

Chrome industry, Maryland, 189 

Chrome, magnetic and non-magnetic, 
491 

Chrome ore, sand, Maryland (Singe- 
wald), 1 

Chrome ore deposits, Maryland, map 
of, 190 

Cinnabar, association with alunite, 
597 

Cisco formation, Texas, 104, 126 

Clapp, C. H., on the genesis of alu- 
nite, 588 

Clark, W. B., on the sand marl of 
New Jersey, 560 

Clarke, F. W., on barium content of 
sedimentary rocks, 58; on volcanic 
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Classification, of geologic work in 
oil prospecting, 480; of rocks for 
engineering, 180, 264 

Cleaning pyrite, methods, 209 

Clear Fork formation, Texas, 103 
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luth gabbro, 381 

Climate of northern Chile, 5 

Closure in reconnaissance mapping, 


420 

Clots of asphalt on sea-beach, 310 

Coal horizons, Ohio, 202 

Coal measures of Ohio, 201 

Coal mines of Ohio, 203-208 

Coal situation in Europe, 162 
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Ohio, 213; of the Pottsville forma- 
tion, Ohio, 211 

Cobalt district silver production, 550 

Cobalt series, 285 

Colorado-Ontario gold claims, 287 

Columbus fault, Wasatch Range, 
Utah, 175 

Comanche County oil field, Texas, 90 
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Germany, 148 

Compass-bearings, 413 
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gion, 535 

a of barite by weather- 
ing 

ps beds, 459 

Conquest of foreign markets by 
Germany, 152 
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of workings, 27 

Constancia tuff, Chile, 16 

Contact metamorphism, Duluth gab- 
bro, 392 

Control of minerals, 157 

Cook, G. H., on the marls of New 
Jersey, 559 

Cook, O. F., identification by, 321 

Cooke, H. C., The origin of the gold 
deposits of Matachewan district, 
northern Ontario, 281-301 

Copiapo intrusives, Chile, 7, 12 

Copper, in a meteorite, 619 

Copper, Metallic, in a meteorite vein 
(Quirke), 619 

Copper, native, Michigan, 324 

Copper deposits, Corocoro, Bolivia, 
602 


Copper ores, Chajiarcillo district, 
Chile, 38; Evergreen mine, Gilpin 
County, Colorado, 465; leaching, 
504 

Copper Range district, 324 

Copper sulphides, in Duluth gabbro, 


399 

Copper sulphides in syenite and peg- 
matite dikes (McLaughlin), 403 

Coquina clams, 308 

Coquina limestone, 315 

Corbett, Clifton S., Method for pro- 
jecting structure through an angu- 
lar unconformity, 610-618 

Corocoro, Bolivia, copper deposits, 
602 

Corrida Colorado, 
trict, Chile, 20 

Corrida vein, production, 3 

Cost of reconnaissance mapping, 422 

Crabs on sea-beach, 309 

Crandall, Roderic, Notes on the 
geology of the diamond region of 
Bahia, Brazil, 220-244 

Creedite, 580 

Cretaceous formations,central Texas, 
101 

Cross, W., on alunitized rocks at 
Rico Mountains, Colo., 588 

Crystallization, order in Duluth gab- 
bro, 371 

Culture, representation in 
naissance mapping, 418 

Cummings well, Texas, 124 

Curve showing reaction of sulphur 
dioxide and oxygen, 505 

Cusps, Florida beach, 313; in Me- 
dina sandstone, 315 


Chafiarcillo dis- 


recon- 
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Daiquiri iron ores, origin, 364 

Dallas-Milburn well, Texas, 123 

Daly, R. A., on geology of Boundary 
district, 404; on origin of igneous 
rocks, 477 

Davidson claims, Ontario, 287 

Davidson type of gold deposits, 292 

Davis, W. M., on origin of nickel- 
bearing laterite of New Caledonia, 
547 

Davis well, Texas, 100 

Day, A. L., and Shepherd, E. S., on 
volcanic gases, 592 

Dean well, Texas, 123 

Decomposition of wolframite, 636 

DeGolyer, E., discussion by, 87; on 
salt domes, 178 

DeLaunay, L., on coal and iron in 
Europe, 161; on the formation of 
alunite, 586 

Delirio limestone, Chile, 16 

Depth, of ore bodies, Chafiarcillo 
district, Chile, 24, 33; persistence 
of ore in, 551; to possible oil- 
bearing horizons, 487 

Derby, O. A., on the diamond dis- 
trict of Bahia, 220 

Descubridora limestone, Chile, 14 

Detail stratigraphy of the Biwabik 
iron-bearing formation, east Me- 
sabi district, Minnesota (Broder- 
ick), 441 

Determination of distances by time, 


414 

Deussen, Alexander, on age of oil in 
salt domes, 179 

Diabase dikes, 390 

Diabases, 290 

Diagrams—analyses of sand chrome, 
194, 195, 196; angle between direc- 
tion of dip and direction of dip 
component, 177, 263; Constancia 
mine workings, Chile, 27; control 
of world’s output of minerals, 158; 
determination of dip components, 


347; formation of minerals of 
Cactus ore zone, 601; isochronous 
reaction, sulphur oxides, 595; 


quartz-magnetite mixtures, 357 

Diallage, 517 

Diamond region of Bahia, Brazil, 
Notes on the geology of the (Cran- 
dall), 220 

Diamond _ washings, 
Chapeo, 228 

Dietz, William, discovery of gold in 

Cariboo district, 335 
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Dikes, Chajiarcillo district, Chile, 16, 
26; Evergreen copper deposit, 407; 
of magnetite, 517 

Dip of Florida beach, 313 

Dip nompgnenis, graphic determina- 
tion, 176, 262, 346 

Discussion— 

American petroleum geologists 
in Europe (DeGolyer), 87 

The Bendigo quartz veins (Still- 
well), 430 

Graphic determination of dip 
components where dips are 
measured in feet per mile 
(Lahee), 176, 262; (Palmer), 


34! 
The Gulf 
(Hill), 643 
The halogen salts of silver at 
W onder, Nevada (Young), 427 
Intrusive origin of the Gulf 
coast salt domes (Rogers), 178 
The magmatic origin of barite 
deposits, 568 
Magnetic and non-magnetic 
chrome (Lewis), 491 
A publication for geological ab- 
stracts, 570 
Rock classification for engineer- 
ing (Smith), 180; (Pirsson), 
264 
Disseminated barite deposits, 54 
Dolomite, 49; analysis of, 50 
Donax variabilis, 308 
Dottble Mountain formation, 103 
Drake, N. F., on the Canyon series 
of Texas, 320 
Duke oil field, Texas, 99 
Duluth gabbro, basal phases, 
granite dikes, 383 
Dumble, E. T., on age of oil in salt 
domes, 179 
Dunn, E. J., on Bendigo quartz veins, 
431 
Dyscrasite, 37 


coast salt domes 


367; 


Economic factors in causing war, 
153 
Economic geology as a profession 
(Lindgren), 79 
Editorials— 
Economic geology as a profession, 


79 
Why ore is where it is, 640 
Elevations, in reconnaissance map- 
ping, 417 | ; 
Ellenberger limestone formation, 108, 
125 
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Ellenberger Ridge, central Texas 
oil field, 122 

Elvins formation, 49 

Emanations, volcanic, 590 

Emerson, E. H., on the occurrence 
of anhydrite, 584 

Emmons, W. H., on enrichment of 
ore deposits, 75; on the occurrence 
of barite, 583 

Enrichment, Chafiarcillo district, 
Chile, 33, 35, 43; La Fleur Moun- 
tain ore deposits, 408; Mesabi iron 
deposits, 461 

Enrichment of tungsten ores, Ex- 
Seoerete relating to (Gannett), 


Entada scandens, 321 


Erosion, Chafiarcililo district. Chile, 
32 

Eskola, Pentti, on structure of 
granite, 386 


Estancia series, 231, 243 

Etching of iron ores, 360 

Evergreen mine, Gilpin County, Col- 
orado, Ore deposition and enrich- 
ment at the (McLaughlin), 465 

Evergreenite, 469 

Experiments relating to the enrich- 
- of tungsten ores (Gannett), 


Experiments to precipitate metallic 
copper and carbonaceous matter, 
329 


Factors influencing gold deposition 
in the Bendigo gold field (review 
of), 435 H 

Farmington meteorite, 621 

Farrington, O. C., on veins in me- 
teorites, 621 

Faulting, Chafiarcillo district, Chile, 
31; in Chile, 9; in Wasatch Range, 
172 

Fayalite, 454 

Ferberite, 69; solubility, 77 

Ferguson, H. G., reviews by, 495, 573 

Ferric minerals, occurrence, 509 

Ferritungstite, 76 

Fincher oil well, Texas, 98 

Fincher sand, central Texas cil field, 


129 

Fish in channel, Florida coast, 318 

Fissures, Chafiarcilla district, Chile, 

Fixed carbon ratio, relation to oil 
accumulations, 488 

Florida sea-beach, Observations on, 
with reference to oil geology 
(Kemp), 302 
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Foerste, A. F., on intraformational 
pebbles, 459 

Folding, Adirondack region, 
Chafiarcillo district, Chile, 28 

Folding and warping of strata, 434 

Ford, W. E., review by, 890 

Foreign markets, conquest by Ger- 
many, 152 

Formation of primary sulphate min- 
erals, 596 

Fractures, origin, 21 

Franklin Furnace ore deposits, 603 

Fuller, M. L., Quick method of re- 
connaissance mapping, 411-423; 
Relation of oil to carbon ratios of 
Pennsylvanian coals in North 
Texas, 536-542 

Fulton, C. H., on 
smoke, 598 


5355 


metallurgical 


Gabamichigami Lake, 368 

Gabbro, Duluth, basal phases, 367; 
granulitic, 380 

Gabbro rocks, Clinton County, age, 
510 

Galloway, J. J., identifications by, 315 

Gannett, R. W., Experiments relat- 
ing to the enrichment of tungsten 
ores, 68-78; cited, 625, 637, 638 

Gasconade formation, 50 

Gases from Halemaumau, 592 

Geijer, Per, on the occurrence of 
anhydrite, 594 

General features of the New Jersey 
glauconite beds (Mansfield), 555 

Genesis, gold deposits of Matache- 
wan district, 281; magnetic iron 
ores of Lyon Mountain, 528; native 
copper, silver, and carbonaceous 
matter in Nonesuch formation, 329 
(see also Origin) 

Geography, of Missouri barite areas, 


47 

Geologic column, northern Chile, 6 

Geologic factors in oil prospecting 
(Lahee), 4 

Geologic ivan north central Texas, 
118 

Geologic map—Lyon Mountain area, 


515 

Geologic yea for use on field 
maps, 

Geen Sheeants wblication for, 
570 

Geology, central barite district, Mis- 
souri, 51; diamond region of Bahia, 
220; Evergreen copper deposit, 
467: La Fleur Mountain ore de- 
posits, 404; Matachewan district, 
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Ontario, 285; Powell township, 
Ontario, 286; Washington County 
barite district, 48 

Geology of the East Pool Mine (ab- 
stract), 270 

Germany’s method of commercial 
expansion, 148 

Gilbert, G. K., on ridges in Medina 
sandstone, 315 

Glaciation, British Columbia, 342 

Glauconite beds, New Jersey, 555 

Glauconite grains, character, 560 

Gold, accumulation in British 
lumbia, 341 

Gold deposits of Matachewan dis- 
trict, northern Ontario, The origin 
of (Cooke), 281 

Gordon sand, central Texas oil field, 
129 

Goshen pyrite district, 215 

Gourvitch, Paul, on German business 
methods, 153 

Granite dikes, 383 

Granitic rocks, Clinton County, 511 

Grant, U. S., on contact metamor- 
phism of a basic igneous rock, 391; 
on granite dikes in Duluth gabbro, 


Co- 


363 

Granulitic gabbros, 380 

Graphic determination of dip com- 
ponents, 176, 262, 346 

Graphic logs of wells 
Texas oil fields, 128 

Graphite, Adirondack deposits, 573 

Graton, L. C., on the formation of 
anhydrite, 584 

Graton, L. C., and McLaughlin, D. 
H., on pneumotectic sulphides, 403 

Greenalite, 453 

Greensand marl beds, New Jersey, 
555 

Greenstones, Minnesota, 392 

Greisen, 627 

Grenville series, 510 

Griffiths, H. D., on wolframite de- 
posits of Burma, 627 

Grout, F. F., The nature and origin 
of the Biwabik iron-bearing for- 
mation of the Mesabi range, Min- 
nesota, 452-464 

Grout, F. F., and Broderick, T. M., 
on the magnetite of Mesabi Range, 


in central 
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Gulf coast salt domes, 643 
Gunflint iron-bearing 
metamorphism of, 395 
Guthrie well, Texas, 123 
Gypsum, 585 


formation, 
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Hager, Dorsey, on oil fields of cen- 
tral Texas, 118 

Halemaumau, gases from, 592 

Halides of silver, chemical analyses, 


40 

Halogen salts of silver, Wonder, 
Nevada, 427 

Harder, E. C., and Johnston, A. W., 
on origin of Cuyuna iron ores, 457 

Harker, A., on different types of 
solfataric action, 591 

Hatschek, E., and Simon, A. L., on 
the association of gold and carbon, 
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Hauser, Henri, on Germany’s busi- 
ness methods, 148 

Hauynite, 582 

Hawkeye granite, 512 

Hematite, relations to magnetite, 361 

Hematite crystal showing residual 
magnetite, 358 
erzog, S., on the future of German 
industrial exports, 154 

Hess, F. L., on solubility of tungsten 
ere 78; on tungsten minerals, 


7 

Hewett, D. F., on the occurrence of 
anhydrite, 584 

Hicks, W. B., review by, 645 

Hill, R. T., discussion by, 643 

Hinsdalite, 589, 605 

Hobbs, W. H., on tungsten minerals, 
76 

Holmquist, P. J., on margination 
structure of granite, 385 

Home Creek horizon, Texas, 320 

Hoover, H. C., on valuation of: mines, 
552 

Horizons producing oil, Texas, 126 

Hornerstown marl, 559 

Horses’ walk, speed under varying 
conditions, 415 

Huantajaya silver district, Chile, 4 

Hyperite, 377 

Hypersthene, 378 

Hypogene intergrowth of iron ox- 
ides, 362 

Igneous geology, Chafiarcillo dis- 
trict, Chile, 16 

Igneous origin of barite deposits, 65 

Impermeability of dolomites, 60 

Indian River, Florida, 303, 322 

Industrial control of raw materials, 


157 
Inking-in notes, 418 
Intergrowth of minerals in Duluth 
gabbro, 374 
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International readjustment of min- 
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Intrusive origin of Gulf coast salt 
domes, 178 

lodobromite, 37 

Iron, Mesabi range, 
deposition, 4573 
organisms, 456 

Iron ores of Daiquiri, origin, 364; 
Gabimichigami Lake, 398; mag- 
netic, 509; photomicrographs, 527 

iron oxide series, solid solution in, 
353 

Iron pyrite, 198 

Iron situation in Europe, 162 

Iron stock-taking, 548 

Irving, J. D., on replacement depos- 
its, 63 
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precipitation by 


Irving, J. D., and Bancroft, H., on 
hinsdalite, 589 
Irving, R. D., on native copper in 


Nonesuch sandstone, 325; on rocks 
of the Duluth laccolith, 384 
Isochronous reaction, sulphur ox- 
ides, 505 
Isovolves, north Texas, 539; relation 
of oil to, 541 


J. H. McClesky oil well, 95 

Jacobina serie, ae 

Jocuipe flints, 225, 242 

Joe Duke oil a Texas, 100 

Jones, W. R., on tungsten in manga- 
nese ore, 77; on wolfram deposits, 


629 
Jones oil well, Texas, 97 
Jones sand, central Texas oil field, 
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Juan Godoy, 2 

Jupiter Inlet, Florida, 303 
Juragua iron ores, 356 


Kalisyndikat, 152 
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Florida sea-beach with reference 
to oil geology, 302-323; on Dai- 
quiri iron ores, 364 

Kennedy, William, on stratigraphy 
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Keweenaw district, 324 

Keweenawan series, 324 

Knapp, G. N., on marl beds of New 
Jersey, 556 

Knopf, Adolph, Present tendencies 
in geology: metalliferous deposits, 
543-554; review by, 435; on _asso- 
ciation of cinnabar with alunite, 
507; on copper-bearing amygda- 


loids, 328; on the occurrence of 
gypsum at the Utica mine, Calif., 


_585 ; 
Knowles oil well, Texas, 100 


Labradorite, 377 

Laccolith, 369 

La Fleur Mountain ore deposits, 403 

Lahee, F. H., Geologic factors in oil 
prospecting, 480-490; discussion 
by, 176, 262 

Larsen, E. S., on the genesis of alu- 
nite, 588 

Larsen, E. S., and Schaller, W. T., 
on hinsdalite, 580 

Lauderdale oil well, Texas, 98 

Lavras series, 225, 232, 243 
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Lazarevic, M., on occurrence of an- 
hydrites, 585 


Leaching, of copper ores, 504; of 
tungsten minerals, 68; table of, 
71-72 

Leg reefs, 431 

Leith, C. K., on Mesabi iron ores, 
452 

Lengoes district, Brazil, 232 

Le Roy, O. E., on geology of Boun- 


dary district, 404 

Lewis, J. V., discussions by, 491, 568 

Li, Chinese measure of distance, 416 

Lightning Creek, British Columbia, 
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Lincoln, F. C., on volcanic emana- 
tions, 591 

Lindgren, J. M., 
by, 385 
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ogy as a profession (editorial), 79; 
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lutions, 605; on characteristics of 
shallow deposits, 65; on relations 
of ore deposition to physical con- 
ditions, 545; on temperature of 
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on the occurrence of anhydrite, 583 
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Daiquiri iron ores, 364 
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of Burma, 625 
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fields, 128, 135-145 
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Lone Star mine, 404 
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Loreto formation, Chile, 7 

Loughlin, G. F., on faulting in the 
Wasatch Range, 172 

Lower Bend shale, Texas, 108 

Lower Huronian sediments, 
morphism of, 393 

Lunge, G., on formation of sulphur 
trioxide, 593 

Lyon Mountain area, geologic map, 
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Lyon Mountain granite, 512 

Lyon Mountain quadrangle, 509 


meta- 
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Maclaren, Malcolm, abstract of pa- 
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McLaughlin, D. H., Copper sulphides 
in syenite and pegmatite dikes, 
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richment at the Evergreen mine, 
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= origin of barite deposits, 


Sis enti sulphides, 403 

Magmatic waters, relation 
deposition, 546 

Magnetic and non-magnetic chrome, 
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Magnetic iron ores of Clinton Coun- 
ty, New York (Miller), 509 

Magnetic separation, of iron ores, 
355; of sand chrome concentrates, 
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Magnetite, relations to hematite, 361 

Magnetite and hematite, Some of the 
relations of (Broderick), ‘353 

Magnetite beds, of Biwabik forma- 
tion, 445; origin, 461 
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Manganite, 629 
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(see also Geologic maps) 
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Marl beds, New Jersey, 556 
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wald), 1 

Matachewan district, gold deposits, 
281 

Matteson, W. G., A review of the 
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14 

Maury, C. J., identifications by, 315 
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Medina sandstone cusps, 315 
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Melcher, A. C., on solubility of an- 
hydrite, 583 

Merrill. G. P., on veins in meteorites, 
620 

Metallic copper in a meteorite vein 
(Quirke), 619 

Metamorphism, of Biwabik iron- 
bearing beds, 463; of Lower Hu- 
ronian sediments, 393 

Meteorite, Richardton, N. D.. 619 
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through an angular unconformity 
(Corbett), 610 
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outline of, 412 

Mickle, G. R., estimates of Cobalt 
silver production, 550 

Microphotographs (see Photomicro- 
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Miller, B. L., and Singewald, J. T., 
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on the occurrence of anhydrite, 
584; review of book by, 495 
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in Missouri barite deposits, time 
of, 64; in Richardton meteorite, 
620; of Braden copper deposits, 
Chile, 585; of La Fleur Mountain 
ore deposits, 405 
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Chafiarcillo ores, Chile, 34, 37 

Minerals of Duluth gabbro, 377; of 


Evergreen copper ores, 471; of un-. 
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pyrite, 218 
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Moory, 55 
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michigami Lake, Minnesota, and its 
contact effects, 367-402 

Negro limestone, Chile, 15 

New Jersey glauconite beds, — 
features of (Mansfield), 

Newland, D. H., on al iron 
ores, 510 

Nickel, in Duluth gabbro, 398 

Nipissing diabase, 286 

Nishio, Keijiro, Native copper and 
silver in the Nonesuch formation, 
Michigan, 324-334 

Noera, Hazel, chemical analyses by, 


533 
Nonesuch formation, 324 
Norite, 377 

Noselite, 582 


Note book form and symbols for 
petroleum geologists (Woodruff), 


424 

Notes on the geology of the diamond 
region of Bahia, Brazil (Crandall), 
220 

Notes on the placer mines of Cari- 
boo, British Columbia (Tyrrell), 
335 


Observations on a Florida sea-beach 
with reference to oil geology 
(Kemp), 302 

Ocean beach, materials of, 305 

Off-shore bar, Florida coast, 319 

Oil, central Texas, character, 131; 
relation of carbon ratios of coal 
to, 536; relation to isovolves, 541 
(see also Petroleum) 

Oil accumulation, structural condi- 
tions for, 484 

Oil producing horizons, Texas, 126 

Oil production, central Texas, 95 

Oil prospecting, Geologic factors in 
(Lahee), 480 

Oil sands, central Texas, 130 

Oil wells, central Texas, logs of, 128, 
135-145 

Ore, persistence in depth, 551 

Ore deposition and enrichment at 
the Evergreen mine, Gilpin County, 
Colorado (McLaughlin), 465 

Ore deposits, tendencies in the study 
of, 543; Wasatch Range, Utah, 173 

Ore shoots, Chajfiarcillo district, 
Chile, 26, 36 

Origin, barite deposits, 58, 63, 568; 
chalcocite in Evergreen ores, 478; 
Evergreen copper ores, 465; frac- 
tures, 21; Gulf coast salt domes, 
178; hematite in Daiquiri iron ores, 
364; iron of Mesabi ores, 456; 
magnetic iron ores of Lyon Moun- 
tain, 528; petroleum in Texas salt 
domes, 644; pyrite deposits, 100; 
taconite, 455; tungsten deposits, 
626, 630, 633 (see also Genesis) 

Origin of the gold deposits of Meta- 
chewan district, northern Ontario 
(Cooke), 281 

Orthoclase, 405 

Orthotectic minerals, 475 

Otisse type of gold deposits, 293 

Outliers of Duluth gabbro, 381 

Oxidation, Chafiarcillo ore deposits, 
Chile, 36; La Fleur Mountain ore 
deposits, 408 

Ozark plateau, topography, 48 
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Pace-making, 413 

Page, J. J. A., on minerals associated 
with wolframite, 632 

Paige, Sidney, on the age of the 
Bend formation, 107 

Palmer, H. S., discussion by, 346 

Panizo, Ahuesdo, Chile, 15 

Panizo Azul limestone, Chile, 16 

Paragenesis of minerals in barite de- 
posits, 62; of vein minerals in 
tungsten deposits of Burma, 635 

Paraguasst series, 232, 243 

Parks oil well, Texas, 96 

Pegmatites, 290 

Peneplain, relation to ore deposition, 


Pennsylvanian series, central Texas, 
104 

Pejion formation, Chile, 6, 7 

Pepper, H. R., chemical analysis by, 
630 

Permian formations, central Texas, 
103 

Persistence of ore in depth, 551 

Petrography, Duluth gabbro, 370 

Petroleum, conditions for accumu- 
lation, 484 (see also Oil) 

Petroleum production in Ranger 
field, 98 

Phosphate, commercial control of, 
I 

Photomicrographs—Chajfiarcillo ores, 
Chile, 37; conglomeratic rocks, 
459; copper ore, 326; copper ores 
of Evergreen mine, 472; Duluth 
gabbro, 372, 375, 376; iron ores, 
360; magnetic iron ores, 527; Rich- 
ardton meteorite, 619; taconite 
rocks, 458 

Physical chemistry, application to 
ore deposits, 545 

Physical conditions affecting ore 
deposition, 545 

Physiography, of northern Chile, 10; 
relation to ore deposits, 546; Serra 
do Tombador district, Brazil, 223 

Pirsson, L. V., discussion by, 264 

Placer mines of Cariboo, British Co- 
lumbia, Notes on the (Tyrrell), 
335 

Plagioclase, 370 

Plotting, of courses, 413; of dis- 
tances, 416 

Pneumotectic, 403 

Pneumotectic minerals, 475 

Porphyry, 289 

Potash, 156; from greensand, 566 

Potash deposits of Punjab, 645 





Potash syndicate, 151 

Potosi formation, 49 

Pottsville formation coals and pyrite, 
Ohio, 211 

Powell township, Ontario, gold de- 
posits, 281 

Precipitating tungsten from solution, 


3 

Precipitation, of iron by organisms, 
456; of metallic copper and car- 
bonaceous matter, 329 

Present tendencies in geology: met- 
alliferous deposits (Knopf), 543 

Prices of pyrite, 210 

Primary (hypogene) sulphate min- 
erals in ore deposits (Butler), 581 

Primary mineralization, Chafiarcillo 
district, Chile, 23, 31 

Primary sulphate minerals, forma- 
tion of, 506 

Proctor formation, 50 

Production of pyrite, Ohio coal 
fields, 219 

Production control of minerals, 157 

Productive oil sands, central Texas, 
thickness, 130 

Projecting structure through an an- 
gular unconformity, Method for 
(Corbett), 610 

Pyrite, cleaning methods, 209; im- 
portation of, 200; occurrence, 198; 
origin, 199; uses, 200; production 
in Ohio, 219; prices, 210 

Pynite deposits in Ohio coal (Tuck- 
er), 198 


Quartz-magnetite mixtures, 357 

Quebradas, I1 

Quick method of reconnaissance 
mapping (Fuller), 411 

Quicksilver Seer of California 
(review of), 3 

Quirke, T. T., Metallic copper in a 
meteorite vein, 619-624 


Ranger anticline, 113 

Ranger oil field, Texas, 96; struc- 
tural conditions, 111 

Ransome, F. L., review by, 349; on 
occurrence of magnetite and gar- 
net, 600; on ore deposition at Gold- 
field, Nev., 587; on the formation 
of sulphuric acid in nature, 504; 
on the occurrence of alunite, 586 

Rassenfosse, A., on colloidal copper, 


329 
Rastall, R. H., on genesis of tung- 
sten ores, 77 
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Readjustment of mineral supplies, 
147 
Reconnaissance mapping, Quick 


method of (Fuller), 411 
Regional metamorphism, Duluth gab- 
bro, 390 
Relation of oil to carbon ratios of 
Pennsylvanian coals in North 
Texas (Fuller), 536 
Relation of ore deposits to thrust 
faults in the central Wasatch re- 
gion, Utah (Butler), 172 
Relations of magnetite and hematite, 
Some of the (Broderick), 353 
Replacement, in Duluth gabbro, 376; 
of magnetite by hematite, 362 
Representation of culture in recon- 
naissance mapping, 418 
Reserves of iron ores, 549 
Reservoir or sand conditions for pe- 
troleum accumulation, 484 
Residual barite deposits, 55 
Review of the development in the 
new central Texas oil fields during 
1918 (Matteson), 95 
Review of the recent literature on 
the tungsten deposits of Burma 
(Turner), 625 
Reviews— 
The Adirondack graphite de- 
posits, 573 
The factors influencing gold 
deposition in the Bendigo gold 
field (Stillwell), Knopf, 435 
Mineral deposits of South Amer- 
ica (Miller and Singewald), 
Ferguson, 495 


Mineralogy, blowpipe analysis, 
and crystallography (Butler), 
Ford, 89 


The potash deposits of the Pun- 
jab salt range and Kohat and 
suggestions regarding the ori- 
gin and history of the rock 
salt deposits of the Punjab 
and Kohat (Stuart), Hicks, 


of Cali- 
Ransome, 


Quicksilver resources 
fornia (Bradley), 


349 

Richardton meteorite, 619 

Ritter, E. A., on the Evergreen cop- 
per deposit, 466 

Rock classification for engineering, 
180, 264 

Rock types, relation to original shore 
lines, 482; relation to petroleum 
deposits, 481 
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Roesler, M., 
364 

Rogers, A. F., on enrichment of cop- 
per ores, 478 

Rogers, A. W., on use of microscope 
in studying ore deposits, 544 

Rogers, G. S., discussion by, 178 

Roper oil well, Texas, 97, 112 

Roubidoux formation, 51 


on Daiquiri ircn ores, 


Saare district, 160 

Saito, D., analysis by, 327 

Salitre series, 2 

Salt deposits of Punjab, 645 

Salt domes, intrusive origin, 178; 
of Gulf coast, 643 

Salt water, Ranger oil field, Texas, 
114 

Sand Niger ore, Maryland (Singe- 
wald), 

Sandidge oil well, Texas, 98 

Sands, central Texas oil fields, thick- 
ness, 130 

Saranac valley ore belt, 509 

Scapolite, 590 

Scheelite, 69, 635 

Scientific notes and news, 90, 184, 
272, 350, 437, 503, 576, 649 

Sclaenops ocellatus, 318 

Screen analysis of sand chrome, 194 

Sea-beaches, 302 

Secrist, Horace, on statistica! meth- 
ods, 551 

Sections—Biwabik iron- -bearing for- 
mation, 444; coal measures of 
Ohio, 202; conditions for oil accu- 
mulation, "486 ; Copper Range near 
Calumet, 326; from Copiapo into 
the Cordillera, Chile, 8; Morro do 
Chapeo district, Brazil, 227; of 
successive marine deposits, 483; 
sediments at base of Serra do Tom- 
bador, Brazil, 223; Serra das 
Lavras anticline, Brazil, 2 

Sederholm, J. J., on synantectic min- 
erals, 373 

Pain Sy Tae, Chile, 16 

Septaria, Mesabi range, 449 

Serra das Larvas district, Brazil, 236 

Serra do Tombador district, Brazil, 
topography, 223 

Shark River marl, 559 

Sharks’ teeth, occurrence at Mel- 
bourne, Florida, 305 

Sharwood, W. J., on tungsten min- 
erals, 76 

Shell mound, Florida, 311 

Shells on Florida beach, 315 
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Silexite, 513 

Silver, halogen salts, Wonder, Ne- 
vada, 427 

Silver, native, Michigan, 324 

Silver halides, chemical analyses, 40 

Silver mining in Chile, 3, 4 

Silver production of Cobalt district, 
550 

Silver veins, Chafiarcillo district, 
Chile, 28 

Sincora section, Brazil, 239 

Singewald, J. T., Jr., Maryland sand 
chrome ore, 189-197 

Singewald, J. T., and Miller, B. L., 
on Daiquiri iron ore, 364; review 
of book by, 495 

Sink hole barite deposits, 54 

Sjégren’s method of estimating iron 
ore reserves, 549 

Slaty beds of Biwabik formation, 
440, 449 ‘ 

Slough Creek, British Columbia, 340 

Smelter gases, behavior of, 598 

Smith, P. S., on pyrite, 198 

Smith, W. D., discussion by, 180 

Smithwick shale, Texas, 106, 124 

Solid solution in iron oxide series, 


353 

Solubility of barium salts, 59 

Some of the relations of magnetite 
and hematiie (Broderick), 353 

Some problems of international re- 
adjustment of mineral supplics as 
indicated in recent foreign litera- 
ture (Bliss), 147 

Sosman, R. B., and Hostetter, J. C., 
on natural oxides of iron, 354 

South America, mineral deposits of, 
495 

Spencer, A. C., on contact deposits 
of Santa Rita district, 600; on ore 
deposits of Franklin Furnace, N. 
J., 603 

Spurr, J. E., on iron ores of Minne- 
sota, 452; on mineralization at 
Tonopah, 605 

Statistical data, application to min- 
eral deposits, 551 

Steinman, G., section in Chile by, 8 

Stereogram, illustrating location of 
ore shoot at intersection of thrust 
fault and fissure, 174 

Stillwell, F. L., discussion by, 430; 
review of book by, 435 

Stokes, H. N., on deposition of cop- 
per salts, 326 

Stone, G. Te review hy, 267 

Stratigraphic history, north central 
Texas, 118 





Stratigraphy, central Texas cil field, 
101; Chanarcillo district, aie, £3; 
Wasatch Range, Utah, 17 

Stratigraphy, Detail, of the - Riwabik | 
iron-bearing formation, east Me- | 
sabi district, Minnesota (Broder- | 
ick), 441 

Strawn formation, Texas, 106, 127 

Strawn oil pool, Texas, 096 

Stream piracy, British Columbia, 340 

Structural conditions for oil accu- 
mulation, 484 

Structural geology, central Texas 
oil fields, 109 

Structure, eastern Mesabi range, 443; 
northern Chile, 7, 18; subsurface, 
determination of, 615; Wasatch 
Range, Utah, 173 

Stuart, Murray, review of paper by, 





Saticriptant structure, Cetermination 
of, 615 

Sulphate minerals, in cre deposits, 
581; primary, formation of, 506 

Sulphides, magmatic, 402; magmatic 
origin, 373 

Sulphur in volcanic ema:ations, 593 

Sulphur trioxide, conditions of for- 
mation, 593 

Sulphuric acid, production, of, 5094, 
604 

Sulphurous water, Florida, 305 

Sundt, Lorenzo, on geology of Chiie, 
.12 

Svonbergite, 590 

Sweden’s iron ore reserves, 548 

Sycotypus pyrum, 311 

Syenite and pegmatite dikes, Copper 
sulphides in (McLaughlin), 403 

Symbols for petroleum geologists, 
Note book form and (Woodruff), 
424 

Synantectic minerals, 373 


Taber, S., on mechanics of vein for- 
mation, 432 

Tables—Control of world’s output 
of minerals, 158; Cretaceous and 
Tertiary formations of New Jer- 
sey and Maryland, 558; data con- 
cerning Ohio coal mines, 203-208: 
formations of central Texas, 102; 
gases from Halemaumau, 592, 593; 
geologic formation of Chile, 8; 
leaching of tungsten minerals, 71- 
72; oil wells of central Texas, 132 
precipitation of tungsten, 74; re- 
lation of oil and gas to carbon in 
coal, 538 
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Taconite, 452, 455; minerals of, 453; 
origin, 455 

Tarr, Mrs. W. A., analysis by, 49 

Tarr, W. A., The barite deposits of 
Missouri, 46-67; review of book 
by, 267 

Tavoy tungsten district, 626 

Tectonic relations north central 
Texas oil pools, 120 

Tendencies in study of ore deposits, 
543; bibliography, 553 

Terebratula harlani, 561 

Texas and Pacific Coal Company, oil 
development by, 95 

Thaumasite, 589 

Thrust faulting, Wasatch Range, 
Utah, 173 

Tierra Amarilla formation, Chile, 7, 
12 

Tilley, C. E., discussion by, 570 

Tin, commercial control of, 168 

Tin ore, Buima, 629 

Tin-tungster. ores, Tavoy, 632 

Tinton member, 561 

Tobelman, H. A., and Porter, J. A., 
on leaching by the New Cornelia 
Copper Co., 504 

Tolman, C.’F., and Rogers, A. F., on 
magmatic sulfid ores, 400 

Tombador series, 225, 242 

Topography, Cariboo district, Brit- 
ish Columbia, 337; northern Chile, 
5; of the beach (Florida), 312 

Trewartha-James, W. H., on deposi- 
tion of cassiterite after wolfram- 
ite, 632 

Trickhom oil field, Texas, 123 

Troilite, 619 

Tucker, W. M., Pyrite deposits in 
Ohio coal, 198-219 

Tungsten, German control of, 166; 
precipitation from solutions, 73 

Tungsten deposits of Burma, 625; 
literature on, 625 

Tungsten minerals, solubility, 77 

Tungsten ores, alteration in tropical 
climates, 629 

Tungsten ores, Experiments relat- 
ing to the enrichment of (Gan- 
nett), 

Tungsten sulphide, 603 

Tungstite, 629 

Turner, H. W., Review of the recent 
literature on the tungsten deposits 
of Burma, 625-639 

Tuscarawas County, Ohio, pyrite de- 
posits, 215 


Tyrrell, J. B., Notes on the placer 
mines of Cariboo, British Colum- 
bia, 335-345 


Una fault, Brazil, 240 

Unconformity, relation to oil accu- 
mulation, 486 

Upper Huron sediments, metamor- 
phism of, 395 

Uranium, commercial control of, 167 


Vanadium, American control of, 167 

Van der Gracht, W., on oil in salt 
domes, 179 

Van Hise, C. R., on conservation of 
mineral resources, 544; on native 
copper in Nonesuch sandstone, 325 

Van Hise, C. R., and Leith, C. K., 
on Mesabi iron ores, 452 

Veale oil pool, Texas, 98 

Veale sand, central Texas oil field, 
130 

Veins, containing barite, Missouri, 
52; Chafiarcillo district, Chile, 19; 
in meteorites, 620; of Chanarcillo, 
Chile (Whitehead), 1 

Venus cancellata, 311 

Venus mercenaria, 311 

Verbeek, R. D. M., estimation of tin 
reserves of Billiton, 549 

Verde tuff, Chile, 14 

Veta Candelaria, Chajiarcillo dis- 
trict, Chile, 20 

Veta Descubridora, Chafiarcillo dis- 
trict, Chile, 2, 20 

Vicksburg limestone, 304 

Volcanic emanations, 590 

ee rocks, Matachewan district, 
207 


W. L. McCleskey oil well, Texas, 97 

Walcott, C. D., on algal growth in 
the Belt formation, 446 

Wasatch Range, Utah, thrust faults 
of, 172 

Washing sand chrome, I91 

Wells, oil, comer Texas, logs of, 
128, 135-14 

Wells, R. ois and Butler, B. S., on 
tungsten sulphide, 603 

Wheeler, H. L., Bibliography of the 
occurrence, geology and mining of 
manganese, with some references 
on its metallurgy and uses, 245-261 

White, David, on relations in origin 
between coal and petroleum, 536 

Whitehead, W. L., The veins of 
Chanarcillo, Chile, 1-45 
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Whitson oil well, Texas, 97 

Wy ore is where it is (editorial), 
40 

Wichita formation, Texas, 103 

Width, of veins, Chafiarcillo district, 
Chile, 24 

Wilkeite, 590 

Williams Creek, British Columbia, 
339 

Willis, Bailey, on fracturing, 21 

Wilson, M. E., on barite deposits of 
Missouri, 47 

Winchell, Alexander, on granulitic 
gabbro, 379 

Winchell, N. H., and Winchell, H. 
V., on iron ores of Minnesota, 452 

Winston well, Texas, 122 

Wolff, J. F., on the formations of 
the Mesabi range, 443 
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Wolfram mines of Mount Carbine 
(abstract), 271 

Wolframite, 69, 626, 629; decompo- 
sition, 636; solubility, 77 

Wollastonite, 469, 477 

Woodruff, E. G., Note book form 
and symbols for petroleum geolo- 
gists, 424-426. 


Young, J. W., discussion by, 427 


Zapffe, Carl. on metamorphism of 
iron-bearing formation, 391 

Zies, E. S., Allen, E. T., and Mer- 
win, H. E., on reactions in copper- 
sulphide enrichment, 607 

Zircon in beach sands, 306 

Zoning, Chafiarcillo district, Chile, 
33; in iron ores, 360 
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